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THE DSP ENVIRONMENT: DEFINITIONS )
ANALDG SIGRAL } L WPASS AD 0P /A LOWPASS | AMALOB STBWAL
FILTER —’{m _" PROCESSTR COVETER '—'T me >
® LPF: LIMITS THE SIGNAL BANDWIOTH TO ELIMINATE
ALIASING DISTORTION
® A/D: SAMPLES AND QUANTIZES SIGNAL
® DSP: PROCESSES THE SIGNAL USING NUMERICAL TECHNIQUES
T0 EXTRACT INFORMATION, OR T0 GENERATE CONTROL
COMMANDS
® D/A: CONVERTS DIGITAL SIGNALS TO ANALOG VALUES
@ LPF: SMOOTHS THE °"STAIRCASE® WAVEFORM OUTPUT FROM
THE D/A .
. (1025
L 6320 Sesinar R1C-100 ——-——J




g DSP APPLICATION CHARACTERISTICS A

APPLICATION REQUIREMENT PROCESSOR ATTRIBUTES

———

@ REAL-TIME PROCESSING ——> HIGH SPEED, HIGH THROUGHPUT

® LAAGE ARRAY OF DATA ——> INSTRUCTIONS TO MOVE AND
PROCESS LARGE DATA ARRAYS

® ALGORITHM INTENSIVE ———> FAST MATHMATICAL COMPUTATIONS,
SINGLE CYLCE DSP OPERATIONS (MACD)

® SYSTEM FLEXIBILITY =~ ——> GENERAL PURPOSE PROGRAMMABILITY,
EPROM, MC/MP MODE

(10-2-9
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APPROACH
BIT SLICE

CUSTOM CHIPS
GENERAL PURPOSE
uPROCESSORS

GENERAL-PURPOSE
DSP PROCESSORS

\-—JQ%SBTEKNSNMU

ADVANTAGE

@ VERY FAST
@ MR MLTIRLIER

@ LOWEST PROCUCTION
cosT
@ OEFINED PERFORMANCE

@ PROGRAUMBLE
@ EASY T0 DESIGN

WITH & PROGRAN
@ LOw COST

@ PROGRAUMUBLE
@ EASY 10 DESIGN
WITH & PROGRAN
@ L0 COST
@ st
@ HARDYARE MLTIRLIER
@ 0T APPLICATION LINITED

DSP IMPLEMENTATION APPROACHES

DISADVANTAGE

NIGH CHIP COUNT/POMER/
oSt

COPLEX DESIOM §
DIFFICAT TO PROGRAN

EXTRDELY HIGHYOLUE

APPLICATIOS ONLY
HIGH INITIAL COST
HIGH RISK

N0 HARDVARE WLTIPLIER
S.Ov SPEED
NO SPECIAL OSP FUNCTIONS

(10-2-4
RTC-100
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( THS320 DSP FAMILY )

FEATURES

TMS320 FAMILY| ® FAST CYCLE TIME

X @ HARDNARE MULTIPLIER
X! WITH 32-BIT PRECISION

SOF TNARE /'
COMPATIBILITY

oXX @ GENERAL-PURPOSE

X FEATURES
XXX Xy @ DSP SPECIFIC FEATURES
20_GENERATION

s @ SOF TWARE COMPATIBILITY

X T0 PROTECT YOUR
X% INVESTMENT
XX @ LONG-TERM TI
FEATURES RX38X  COMMITMENT TO GROW

X THE FAMILY WITH YOUR
REQUIREMENTS

(10-3-3)
L]
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BREAK
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APPLICATIONS
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L1

M8 - R
INTERRUPTS DATA R | DATA/PROE AN

& 1 16 PROGRAN RON
[5- R-AIT ALU/ACC
T
16116
MLTIAIER

—
AXFESS
>

TMS320C25 KEY FEATURES

DATA

%

ML TTPROCESSR
DNTEF ACE
—

SERIAL
INTERF ACE

® 100 nS INSTRUCTION CYCLE TIME

@ 128K-NORDS TOTAL MEMORY SPACE

@ THREE PARALLEL SHIFTERS

@ 133 GENERAL PURPOSE AND
DSP INSTRUCTIONS

® S/¥ UPNARD COMPATIBLE WITH
PREVIOUS FAMILY MEMBERS

® {.8ua CMOS; 68-PIN PLCC / P6A

\—-%ébrsmsmm-



TNS320C25 GENERAL PURPOSE FEATURES
® COMPREHENSIVE INSTRUCTION SET -

x-x-vh

TRt I

433 INSTRUCTIONS INCLUDING
- NUMERICAL (34)
- LOGICAL (15)

MEMORY MANAGEMENT (33)

BRANCHES (20)
PROGRAM/MODE CONTROL (31)

@ EXTENDED-PRECISION ARITHMETIC
@ SERIAL PORT (DOUBLE BUFFERED, STATIC)

@ MULTIPROCESSOR INTERFACES
(CONCURRENT DMA, SLOBAL DATA MEMORY)

@ BLOCK MOVES (UP TO 10 M WORDS/SEC)

@ ON-CHIP TIMER
@ THREE EXTERNAL MASKABLE INTERRUPTS

@ PONERDOWN MODE

(10-3-39
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TNS320C25 SPECIAL PURPOSE FEATURES

—312 z /] =12 @ SINGLE-CYCLE MULTIPLY/
ACCUMULATE

® MULTIPLY/ACCUMULATE USING
Y, EXTERNAL PROGRAM MEMORY

! ® REPEAT INSTRUCTION
® 0-16 BIT SCALING SHIFTER ® ADAPTIVE FILTERINS
(SIGNED OR UNSIGNED) INSTRUCTIONS
® OVERFLON MANAGEMENT @ BIT-REVERSED ADDRESSING
- SATURATION MODE
- BRANCH ON OVERFLOW ® AUTOMATIC DATA-MOVE IN
- PRODUCT RIGHT SHIFT MEMORY (Z°Y

(40-3-40
®
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THS320C25 MULTIPLIER

DESIGN & OPERATION
® SINGLE CYCLE 16 x 16-BIT
MULTIPLIER W/32-BIT PRODUCT

@ PARALLEL MULTIPLY/ACCUMULATE
OPERATIONS

@ DUAL BUS ACCESS FOR SINGLE
CYCLE MULTIPLY/ACCUMULATES

® SQUARE AND ACCUMULATE FUNCTION
@ PRODUCT OUTPUT SHIFTERS
@ UNSIGNED MULTIPLY

13
RTC-300




THS320C25 ALU

DESIGN & OPERATION

® 32-BIT ALU & ACCUMULATOR

@ CARRY BIT FOR EXTENDED PRECISION
@ OVERFLOW DETECTION & SATURATION
@ SIGN EXTENSION OPTION

@ 0-16 BIT PARALLEL SHIFTER
FOR LOADS AND ARITHMETIC OPS

@ SHIFTERS ON PRODUCT REGISTER
OUTPUT DATA

® 0-7 BIT PARALLEL SHIFTER
FOR ACCUMULATOR STORES

{1->a

RTC-100 —————J




— N30 Sesinar RTC-100 _

THS320C25 AUXILIARY REGISTERS

DESIGN § OPERATION

® EIGHT AUXILIARY REGISTERS FOR

- DOTECT ATFEXSDS
- LOKP COUNTDS
- TOPGRARY STORME

" @ 3$6-BIT UNSIGNED
ARITHMETIC UNIT (ARAU)

® AUTO INCREMENT & DECREMENT
@ AUTO INDEXING USING ARO
@ REVERSE CARRY BIT PROPAGATION

® AUXILIARY REGISTER POINTER
§ POINTER BUFFER (ARP, ARB)

{s0-3-44




[ TNS320C25 PROGRAM CONTROL REGISTERS & STACK A

OO OO O OO
s200000 °0080000¢ 0e00ARNEAENOEIROROE000ES
YO0 OO OO0 408000008 00000000000000

@ EIGHT LEVELS OF
HARDWARE STACK

® SPECIAL FETCH

s {in e

COUNTER STORAGE
0 MOGRM 49 | ©® INSTRUCTION
A0FESS a5 ¢ REGISTER (IR)

® INSTRUCTION QUEUE
8 REGISTER (GIR)

@ REPEAT COUNTER

o-+&

]
L— THS30 Sesinar RTC-100




THS5320C25 MEMORY-MAPPED REGISTERS

0 - DRA(16) k—— HRSA(16) k=T
1 - DXR16) — XsR(16) |

CLXIN

DIVIE 2 - TIM(16)

Y4
) ] 3-990(15)3—{&,]
cxauny 4 - IMR (6)

5 - GREG (7) ® SERIAL PORT RECEIVE/TRANSMIT
STATIC & DOUBLE BUFFERED

® INTERNAL TIMER REGISTERS
@ INTERRUPT MASK REGISTER
@ GLOBAL MEMORY REGISTER

(10-3-46)
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TNS320C25 STATUS REGISTERS )

ST0 ARP OV DVM| § [Dm

oP

5 W 9 2 U w9

7

st1 [ aRB  ENF|TCEXM| C

HM Fsu] xf|Folrxul PM

NP - MIXTLIARY RESISTER POINTER (DNDIRECT
ADDRESSIIS)

A8 - MIXTLIARY REGISTER POINTER BUFFER
{CONTEXT SAYES)

0P - DATA PASE POINTER DIRECT ADCRESSING)
OF - CONFIGURATION OF BLOCX 80 (DATA/PROGRAN
INTH - RLOBAL INTERALPT MASK

C - ALU/ACCUMRATOR CARRY BIT

OV - ALU OVERFLON BIT LATCHED SIGNAL

OV - OVERFLOM WODE BIT (SATURATIONNO
SATURATION

S0 - SIGN EXTENSION BIT (SIEN EXTENSIONNO
. SIeN EXTESION

M - PRODUCT SHIFT WODE {0, & @R 4 LEFT/

€ RIGHT)

TC - TEST/CONTROL BIT BIT TESTS, CONPARES,
NORULIZATION

M - HOLD NODE BAALTANO HALT OF INTERMAL
BEQTIN

¥ - EXTERAL FLAG PIN
FSN - FRUE SYNCRONIZATION MODE (USE/IGNORE

FSR/FSX
FO - SERIAL PORT FORAT BIT (8/16 BIT
TRASFERS)
O - TRASQT WOCE BIT (TRAGS
5 ')
{10-3-68)
ATC-100 _

THS320 Seainar



THS320C25 ON-CHIP MEMORY

DATA ADDRESS MEMORY ORGANIZATION

) ® 4K WORDS ON-CHIP MASKED ROM
® 544 NORDS ON-CHIP DATA RAM

® 256 NOROS ON-CHIP RAM
RECONFIGURABLE AS DATA/
PROGRAM MEMORY

@ BLOCK TRANSFERS IN MEMORY

® DIRECT, INDIRECT, AND
IMMEDIATE ADDRESSING MODES

0-3-a7
RTC-100




A15-A0/
PA3-PAO

z§:
g_s- |
DS

L4

R/
STRB

mmnomum:-&

READY

gTil Ll

015-00

TNS320C25 INTERFACE T0 OFF-CHIP DEVICES

)

MICROPROCESSOR-LIKE 46-BIT

INTERFACE OVER A SINGLE BUS

-- MULTIPLEXED FOR PROGRAN,
DATA, OR 1/0

WAIT-STATES FOR COMMUNICATION
MITH SLOW MEMORIES OR
PERIPHERALS

16 INPUT/46 OUTPUT CHANNELS
CAPABLE OF SINGLE-CYCLE I/0

BLOCK MOVES CAPABLE OF MOVING
ONE 16-BIT WORD PER CYCLE

{10-4-180
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é )
THS5320C25 NEMORY INTERFACE REQUIREMENTS

ACCESS EXAMPLE
TIME DEVICE
WAIT STATES 32020 320C25 TMS320C25
0 85nS 35nS TMS29C192-35
i 285nS 135nS
2 485nS 235nS
3 685nS 335nS

(10-4-16)
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PROM
EPROM

Wl

SRAM <::

1 Ail-

W A0

S —

3 WEN]

2 VE

0

C 015-

1 00 <::'
9

Ist Gen -20 MHz
SRAM  (4Kx4)
PROM  (2Kx8)
EPROM  (BKx8)

(8Kx8)

1st Gen -25 MHz
SRAM  (4Kx4d)
PROM  (2Kx8)
EPROM  (2Kx8)

1

Accaess Tima

70 ns
45 ns
70 ns
70 ns

9 ns
45 ns
S0 ns

Vaendor

INM0S

Taxas Instruments

¥Vofar Scale Integration
Vofer Scale Integration

INMOS
Taxas Instruments
Texas Instruments

TMS320C10/C15
DIRECT MEMORY
EXPANSION

P/N

IMS1420M-70
TBP3BL165-45
¥S57C48-70
¥S57C64F-70

IMS1423K-55
TBP3BL165-45

TBP27C292-50  (10-4-9)
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TMS320C25

PS

Y
(o]
7]

RV

All-

AD

015-
00

G—

A4
|
—_ e e ) X -

<

ACCESS TIME

end Gen - 20 MHz
SRAM  (4Kx4)
PROM  (2Kx8)
EPROM  (BKxB)
(8Kx8)

end Gen -40 MHz
SRAM  (4Kx4)
PROM  (2Kx8)
EPROM  (2Kx8)

S0 ns
45 ns
70 ns
70 ns

25 ns
3 ns
35 ns

VENDOR

INMOS

Texas Instruments

Yafer Scale Integration
Wafer Scale Integration

Cypress
Texas Instruments
Texas Instruments

P/N

1MS1421-50
TBP3BL165-45
¥S57C64F-70
¥S67C64F-70

CY7C169-25
TBP38L165-35
TMS27C292-35

(10-4-11)



TMS320C25 ADDRESSING MODES

@ IMMEDIATE ADDRESSING

- BOTH LONG AND SHORT CONSTANTS U
- EXAMPLES:

ADDK 5 R
ADLK 1325 0K
135
® DIRECT ADDRESSING e
- SAME AS TMS320C10 BUT DP IS 8 BITS ,:Ts “",":1;"“
- §12 "BANKS® OF 128 WORDS iy
- USED OFTEN FOR LONS SEQUENCES ot oS |

OF IN-LINE COOE

® INDIRECT ADDRESSING

- 8 AUXILIARY REGISTERS
- USED OFTEN IN PAOGRAM LOOPS WITH AUTO INC/DEC OPTIONS
- MORE OPTIONS THAN WITH TMS320C10 (10368

()
L— THS320 Seainar RTC-100




TMS5320C25 INDIRECT ADDRESSING OPTIONS

OP #[, NARP] NO CHANGE TO CURRENT AR

OP #+ [, NARP] CURRENT AR IS INCREMENTED

OP #- [, NARP] CURRENT AR IS DECREMENTED

OP %0+ [, NARP) ARO IS ADDED TO CURRENT AR

0P %0- [, NARP] ARO IS SUBTRACTED FROM
CURRENT AR

0P xBRO+ [, NARP] ARO IS ADDED TO CURRENT
AR (W/REVERSE CARRY PROPAGATION)

OP %BRO- [, NARP] ARO IS SUBTRACTED FROM
CURRENT AR (W/REVERSE CARRY
PROPAGATION)

10-3a
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TNS320C25 ALU - LOAD INSTRUCTIONS

[ | imu‘] LAC Load ACC w/shift

..........................

LACT

LACK
LALK
ZAC

ZALH
ZALR

Load ACC w/shift

specified by T-register
Load ACC w/short constant
Load ACC w/long constant

Zero ACC
Zero ACC & load high

Zero ACC § load high
w/rounding

7ALS - Zero ACC & load low

w/0 sign extension

RTC-100

(30-3-50)




THS320C25 ALU - STORE INSTRUCTIONS

SACH Store ACC high w/shift
SACL Store ACC low w/shift

Wl ] | [Fisd)

(10-3-51)
RTC-100 ———J




TNG320C25 ALU - LOGICAL INSTRUCTIONS

AND AND ACC w/16-bit data

ANDK  AND ACC w/long constant,
w/shift

OR OR ACC w/16-bit data

0RK OR ACC w/long constant,
u/shift

XO0R Exclusive-0R ACC
w/16-bit data

XORK  Exclusive-0R ACC
w/long constant, w/shift

CMPL  Complement ACC

- (10-3-52
T P




THS5320C25 ALU - SHIFT INSTRUCTIONS

NOAM Normalize ACC
1-bit conditional left shift

ROL Rotate ACC left { bit
ROR Rotate ACC right { bit
SFL Shift ACC left f bit

SFR Shift ACC right 1 bit




r

[ 1418

i)

\n&/
\nt/

TNS320C25 ALU - ARITHMETIC INSTRUCTIONS I

ADD

ADDC
ADDH
ADDS

ADDT

ADDK
ADLK

T

Add to ACC w/shift
Add to ACC low w/carry
Add to ACC high

Add to ACC low
w/o sign extension

Add to ACC w/shift
specified by T-register

Add short constant to ACC
Add long constant to ACC

(10-3-54

e ——————



TNS320C25 ALU - ARITHMETIC INSTRUCTIONS I1I

Sus

sugs
SUBH
SuBS

SUBT

SuBK
SBLK

SueC

~

Subtract from ACC w/shift
Sub fros ACC low w/borrow
Subtract from ACC high

Subtract from ACC low
w/0 sign extension

Subtract from ACC w/shift
specified by T-register

Sub short constant from ACC
Sub long constant from ACC

Conditional subtract

10-3-55

RTC-100 _—J
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TMS320C25 ALU - ARITHMETIC INSTRUCTIONS III

[—gnn [_-3—];”“ ABS Absolute value of ACC

NE6 Negate ACC

{16-3-58

RTC-100 —————-)




DATA BUS

T-HE6 (16)
MLTIRLIER

)

ECRIET

1
(0-36)
T
X
YN
[c} o acoitiel | accLis
L y,

( 'THS320C25 - P-REGISTER INSTRUCTIONS )

PAC
APAC
SPAC

LPH
SPH
SPL

Load ACC w/P-register
Add P-Reg to ACC
Subtract P-Reg from ACC

Load P-Reg high
Store P-Reg high
Store P-Reg low

(10-3-57
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9 (X
00008900
.........

MALTIAIER

FRIS

-
-

EREAS X I

i FL0.0 |

A

AL B2

*,

AR

-
»
-

P
esele
ea®e

ACCH(16) | ACCL (46)

_/

N
L{@m

Sesinar

TNS320C25 - T-REGISTER INSTRUCTIONS )

LT
LTP

LTA

LTS

LTD

Load T-Reg

Load T-Reg § move P-Reg
to ACC

Load T-Reg & add P-Reg
to ACC

Load T-Reg § subtract
P-Reg from ACC

Load T-Reg, add P-Reg
to ACC, & move data
to next semory location

(10-3-58)
RTC-100 ————-—J




( TISB?OCBS - MULTIPLY INSTRUCTIONS I )

...............

T-RE6 (16)
MLTIRLIER

- -
.,

REAS .6 Y3

-
-

MPY Multiply T-Reg w/data
MPYK MPY T-Reg w/i3-bit constant
MPYU MPY T-Reg w/unsigned data

MPYA MPY T-Reg w/data § add
past P-Reg to ACC

MPYS MPY T-Reg w/data § subtract
past P-Reg from ACC

.
‘.:
2

R 5%

(30-3-59
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N

PR DATA BUS SRR
e [wesus
B o/
X Wine| S
b P-REG B

SR (6

TR

y
[ ol e
ry L5

]
0-161

\ws/
&/
=)

[:}—{7hxum A0 {46)

LEERT R

[ TNS320C25 - MULTIPLY INSTRUCTIONS II A

MAC

MACD

SGRA

SGRS

MPY data memory ¥ program
mensory § add past P-Reg
to ACC

MPY data memory ¥ program
memory, add past P-Reg to
ACC, & move data memory

Square data memory value
§ add past P-Reg to ACC

Square data memory value
§ sub past P-Reg from ACC

(10-3-60)
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LAR
LARK
LRLK
MAR
SAR

ADRK
SBRK

LARP

Load aux-reg w/data

Load AR w/8-bit constant

Load AR w/16-bit constant
Modify auxiliary register
Store auxiliary register

Add B-bit constant to AR
Sub 8-bit constant from AR

Load auxiliary register
pointer

(10-3-64)

f1C-100



TNS320C25 - NEMORY MOYE INSTRUCTIONS

FRON ¢ MATA ADDRESS
‘ DMOY Data move in data aes

BLXKD B8lock msove from data
aes to data mes

BLKP Block move fros program

L R
¥R 1 aea to data ses
=
z‘%‘i!& w1 | TBLR Table read from prograa

aea to data mea

TBLN Table write to progran
men from data men

. 138
L- NE30 Sesinar RTC-100 ———J




TNS320C25 - BRANCH INSTRUCTIONS

OO0
$000000 0000000000
0000000000000000

200000
s00ee

Branch imsmediate,

unconditional
Branch by ACC

BACC

Branch conditional

Bend

Call immediate
Call by ACC

CALL

CALA

Return froa
interrupt or
subroutine

RET

A
LRttt it I I I I E I PSPPI TR ILI LI TLIEICI LIS

o-3-69
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TNS320C25 - CONDITIONAL BRANCH INSTRUCTIONS

B6Z - BRANCH ON ACC > 0 BGEZ - BRANCH ON ACC >= 0
BZ - BRANCH ON ACC = 0 BNZ - BRANCH ON ACC <> 0
BLZ - BRANCH ON ACC < 0 BLEZ - BRANCH ON ACC <= 0

BC - BRANCH ON CARRY BNC - BRANCH ON NO CARRY

BY - BRANCH ON OVERFLONW BNV - BRANCH ON NO OVERFLOW
BBZ - BRANCH IF TC = 0 BBNZ - BRANCH IF TC <> 0
BANZ - BRANCH ON AUXILIARY REGISTER NOT ZERO

BI0Z - BRANCH ON BIO = 0

~

\— (@) TR0 Seninar me-10 ——



TH5320C25 - STACK INSTRUCTIONS

Pop to low ACC

POP

Pop to data aen

POPD

Push data mes
Push low ACC

PSHD
PUSH

.

RUK

000000
eoecetetetetete%ets

0000000000

.............

FFCUR

S (16)

{10-368

ATC-100




IMS320C25 - HIGHER PERFORMANCE AT LESS CODE SPACE )

Xn-E 7" 7" - =47
— — — — ﬁ—®—4Yn

100 CVOLES (10-3-67

\— {@ NS0 Seainar Te-400. —————




AGENDA
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BREAK
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TMS320C10 KEY FEATURES

Sy o0

144 1 16 DATA RN DATA ® 160/200-NS INSTRUCTION CYCLE

@ EXTERANAL MEMORY EXPANSION TO

4.5 1 16 PROGRAX RON 4X WORDS AT FULL SPEED

® 60 GENERAL PURPQSE AND

R8I LU/AX ARITHMETIC INSTRUCTIONS

|| 5015 LTI ® POWER DISSIPATION: 165 aM

ADCFESS ® 2 um CMOS: 40-PIN DIP, 44-PIN
pLCC

16-3-9

.
NS30 Seatnar RTC-100 -—————J




THS320C10 GENERAL-PURPOSE FEATURES

[

X=X+

YES

SET BIT O

® 60 INSTRUCTIONS INCLUDING:
- SIMPLE BUT PONERFUL
ADDRESSING MODES
- FULL SET OF BRANCH
INSTRUCTIONS
NO - LOGICAL OPERATIONS FOR
| BIT TEST

@ BIT EXTRACTION VIA SHIFTERS

® MULTIPLE SYSTEM CONFIGURATION
INCLUDING STANDALONE

(30-3-8
RIC-100 —————/
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THS320C10 SPECIAL-PURPOSE FEATURES

Xi | Z-’

z-l

Z-l

o
o
@ OVERFLOW FLAG
o
o

AUTOMATIC DATA MOVEMENT
EXTERNAL BIT TEST AND BRANCH (SAMPLING CLOCK)
@ 0-16 BIT SCALING SHIFTER

FAST 16X16 HARDWARE MULTIPLIER (160/200 NS)
ACCUMULATOR SATURATION MODE

Yi

(10371
-1 ——————

L—{@m&liw



{
TH5320C10 HIGH-SPEED ARCHITECTURE

PROGRAM PROGRAM
MEMORY COUNTER

CONTROL

11

@ ADVANCED HARVARD
ARCHITECTURE

- SEPARATE DATA/PROGRAM
BUSES
) - “PARALLEL® INSTRUCTION

FETCH, OPERAND FETCH,
R EXECUTE

( PROGRAM BUS
. 1]
( DATA BUS

) - FAST CYCLE TIME

' 1

U

L4
@ PARALLEL MULTIPLIER

MULTIPLIER | ALU/ |
SHIFTERS ACCUMULATOR

RAM

® MULTIPLE SHIFTERS

©® AUTOMATIC INCREMENTING/
DECREMENTING REGISTERS

(10-3-8)
R1C-100 S

— K‘:@ THS320 Seainar



TMS32010 FUNCTIONAL DIAGRAM

x9
cLROUT X2/CLKmN
pd
16 | 12.88
Wt —e—] ‘
BER g "
TN s d']

2
0 ——
rc (12 INSTRUCTION
M —p—d § Loz |
12
WY —o 21 emocram
" —o— g ROM
I ey (1836 5 181
as




810

NE30C40

T

THS320C10 INTERRUPTS

HARDNARE AND SOFTWARE INTERRUPT AVAILABLE

HAROWARE INTERRUPT

NASKABLE

PULSED OR LEVEL

UPON GRANT, INTERRUPTS AUTOMATICALLY
DISABLED

HARDNARE PROTECTION AGAINST INTERRUPT
DURING MULTICYCLE INSTRUCTIONS

SPECIAL PROTECTION

® SOFTWARE INTERRUPT

B10=0 DETECTED BY BI0Z INSTRUCTION
SUITABLE FOR I/0 CONTROL
SYNCHRONIZATION FOR MULTIPROCESSING

(10-3-14

K—-‘é%g} S0 Seminar

RTC-100




TMS320C10 PIN CONFIGURATION

NC/MP —D)
RS —b ) A11-A0/PA2-PAD
INT —

CLKOUT ¢— b MEN
Xx{ ¢—| TMs32oci0 |—d DEN

X2/CLKIN —3} T

BI0 —i
vee —b (—) D15-00
vss —

(10-3-16)

L {[@ TS0 Sesinar R1C-100 —_—




THS320C15/E15 KEY FEATURES

é% 3%;&:0 c::;)

-
2;; 301£E£?0

LTI

/
m
|

L{@m&nim

100% OBJECT CODE/PLUG-IN
COMPATIBLE WITH TMS320C40

160/200-NS INSTRUCTION CYCLE

EXPANDED ON-CHIP RAM/ROM
MASKED ROM OR EPROM YERSION

2u CMOS TECHNOLOGY
40 PIN DIP & 44 PIN PLCC

DEVICE RAM ROM | EPROM
320C15 256 4K -
J20€E145 256 - 4K

RTC-100

{10-3-17)




[ R
TNS320C47/E17 KEY FEATURES
® 100% OBJECT CODE/PLUG-IN
¢ o COMPATIBLE WITH TMS320C10
0 1 1|| 320cs0 ||| Ram |If W
AT cPu ||l ® 160/200-NS INSTRUCTION CYCLE
(N 4 WA
g : ‘w’: @ EXPANDED ON-CHIP RAM/ROM
S A
$ ¢ 1l @ MASKED ROM OR EPROM VERSION
0 € row/epRon ||| e
leus§ ® 2u CMOS TECHNOLOGY
40 PIN DIP & 44 PIN PLCC
DEVICE | RAM | ROM | EPROM [SERIAL 1/0 | COPROC 1/F
320047 | 256 | 4 | - 2 YES
320647 | 256 | - K 2 YES
L_ . {10-3-18
{%} TS0 Seninar -y —————



PROGRANMING THE TMS320E15/E17 EPROM CELL

FEATURES

@ 4K X 16 INDUSTRY STANDARD EPROM (TMS27C64)
FOR PROTOTYPING AND EARLY FIELD TESTING

@ EPROM ADAPTOR SOCKET PROVIDES 40-PIN TO
28-PIN CONVERSION (PART # RTC/PGM320A-06)

® EPROM INCLUDES SECURITY FEATURE FOR
CODE PROTECTION

(10-3-28

\— @ S22 Seainar R1C-100 —
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L ﬂ@ S0 Sepinar

[ SUKMARY - 1ST GENERATION TNS320 A
o-OlIP F;uua -0l -
SPEED | PROS RONM DATA R | SERIAL PROCESSOR
PROCESS oetz) ooRDS) | wORDS) | OKORDS) PORT TER 1F
NE010 uNS| X x| — | 1 - - —
NEX010-25 X NS -] §.5K — U -— —_— -—
NER040-14 N NS 14 1.5 — u — — —
BI04 N NS F.] 1.5 — M e 1 ——
TS320¢10 aos| 2 1x | — 14 - —_ -
TE320010-25 a00s| = 1.5 — iy - - —_
™E30C15 & O0s .| & — &b — -— —
NERC15-5 aos| B « - 5 i — —
THS3206 15 nNOS| 2 - & 26 — — —
NE30047 & OKS .| &« — b 2 i (3]
MS0017-25 & OIS S & — 256 ] ] (3]
THS320E47 2u O0S .} —_— & 6 FJ | {3
-3
O —




( ™)
THS320C10 INSTRUCTION SET CHARACTERISTICS

® A TOTAL OF 60 INSTRUCTIONS INCLUDING NUMERICAL,
LOGICAL, BRANCHES, AND CONTROL INSTRUCTIONS

® 16-BIT INSTRUCTION WORD - MAJORITY OF INSTRUCTIONS
ARE SINGLE WORD, ONLY BRANCH INSTRUCTIONS ARE TWO
WORDS

® MAJORITY OF INSTRUCTIONS CAN BE EXECUTED IN A SINGLE
MACHINE CYCLE - ONLY BRANCHES AND TRANSFERS BETWEEN
MEMORY SPACES REQUIRE MULTIPLE CYCLES

® INSTRUCTIONS CAN BE EXECUTED AT FULL SPEED FROM
ON-CHIP OR OFF-CHIP PROGRAM MEMORY

l10-3-21)

\— @} NE30 Seginar RTC-400 __J



THS320C10 ADDRESSING MODES

@ IMMEDIATE ADORESSING

- GHORT CONSTANT (PART OF THE INSTRUCTION) IS
THE OPERAND

@ DIRECT ADDRESSING (OPERAND IN DATA MEMORY)

- DP REGISTER PLUS MEMORY ADDRESS IN THE
INSTRUCTION FORMS OPERAND ADDRESS

® INDIRECT ADDRESSING (OPERAND IN DATA MEMORY)

- USES AUXILIARY REGISTER CONTENTS AS OPERAND
ADDRESS

{10-3-22

L @ NS0 Seainar . R1C-100 ————)




TM5320C1X EXAMPLE - SUM OF PRODUCTS
COMPUTE Y = AX1 + BX2 + CX3 + DX4

DATA BUS

T (16)

MULTIPLIER

P (32)

ALU (32)

~

\wx/

<

ACC (32)

|

ZAC
LT
MPY
LTA
MPY
LTA
MPY
LTA
MPY
APAC
SACH
SACL

X1

X2

X3

X4

Y1
Y2

ACC=0

T=X1

P=AX1

ACC=AX1; T=X2

P=BX2
ACC=AX1+BX2; T=X3
P=CX3
ACC=AX1+BX2+CX3; T=X4
P=DX4
ACC=AX1+BX2+CX3+DX4
STORE 32-BIT RESULT
AT LOCATIONS Y1, Y2

(10-3-36)



TMS320C1X EXAMPLE - FIR FILTER

Xy = - -
LI gy ey

e
~N

Y(n) = AX(n-1) + BX(n-2) + CX(n-3) + DX (n-4)

START IN X1, PAD INPUT NEV SAMPLE
IAC
LT X4
HPY 1
LTD X3 ACC = DX 43 X3-> X4
WPY C
LT0 X2 ACC = DX 4+ CX 33 X2 > X 3
WPY B
L0 . Xl ACC % DX 4+ CXgq¢ BX23 X 1=> X2
WPY A
APAC ACC = DX+ CX3+ BX2+ AX|
SACH Y
ouT Y, PAD

B START (10-3-3D)

| ‘ . ] ( { ( ( ( [ i l ( (




SUMMARY - 1ST GENERATION TMS320

ON-CHIP | ON-CHIP | ON-CHIP co-

SPEED | PROG ROM |PROG EPROM| DATA RAM | SERIAL PROCESSOR
PROCESS | (MHz) | (YORDS) | (WORDS) | (VORDS) | PORT TIMER 1/F
THS32010 3u NMOS 20 1. 5K --- 14 -—-
THS32010-25 3u NMOS 25 1.5K --- 144 - - -—
THS32010-14 3u NMOS 14 1. 5K 144 - -—
THS32011 3u NMDS 20 1.5K --- 144 2 1 -—
THS320C10 2u CMOS 20 1. 5K 144 -
THS320C10-25 2u CHOS 25 1. 5K 144 - -—- -
THS320015 2u CMOS 20 4 256 -
THS320C15-25 2u CMOS 25 « --- 256 =
THS320E15 2u CMOS 20 - i« 256 --- ——-
THS320C17 2u CMOS 20 14 - 256 2 ] YES
THS320C17-25 2u CMOS 25 i 256 2 1 YES
THS320E17 2u CMOS 20 4K 256 2 1 YES

(10-3-38)




TMS320 BENCHMARKS

TMS320C10 TNS320C25
64 POINT COMPLEX FFT
RADIX 4, STRAIGHT LINE 555 us (%) 247 us
256 POINT COMPLEX FFT
RADIX 4, STRAIGHT LINE N/A 1.22 ms
RADIX 2, STRAIGHT LINE N/A 2.15 ms
RADIX 2, LOOP 20 as (x) 4.03 ns
41024 POINT COMPLEX FFT
RADIX 4, STRAIGHT LINE N/A 7.1 ms
RADIX 2, STRAIGHT LINE N/A 15.1 »s
RADIX 4, LOOP 42.3 as (¥) 17.5 »s
RADIX 2. LOOP 69.4 ms (%) 22.5 ms
FIR FILTER TAP 400 ns 100 ns
BIGUAD FILTER TAP 2 us i us
LMS ADAPTIVE FILTER TAP 1.4 us 0.4 us
(8] Source OFT/FFT and Convolution Algorithas (Burris and Parks)
Al]l other sources: THS320 DSP Applications Book
(10-5-11)
RTC-100 ————J

L @ THS320 Semirar



THS320 FAMILY COMPARISON MATRIX - I

~

FEATURES §ST GENERATION SN0 GENERATION
ARCHITECTURE MODIFIED HARVARD | MODIFIED HARVARD
INSTRUCTIONS 60 133
DATA SPACE 256 x 16 64K x 16
PROGRAM SPACE 4 x 16 64K x 16
DATA RAM ©+-O0M 256 x 16 544/288 x 16
PROGRAM RAM tw-O0P 0 0/256 x 16
PROGRAM ROM to+-CaP 4K x 16 4 x 16
AUX. REGISTERS 2 x 16 bit 8 x 16 bit
H/W STACK 4 x 12 bit 8 x 16 bit
MULTIPLY 16 x 16 = 32 bits | 16 x 16 = 32 bits
ALU 32-bit 32-bit

(s0-3-08
RTC-100 —_—)

— {%} NE3R0 Sesinar




TMS320 FAMILY COMPARISON MATRIX - II

k—@ HS320 Sesinar

FEATURES {1ST GENERATION 2ND GENERATION
ACCUMULATOR 32-bits 32-bits
REPEAT? NO YES
ON-CHIP TIMER YES YES
INTERFACE
EXT. HW INT. | 3
SERIAL PORT 2 SYNCH. 1/0,
STATIC, DOUBLE BUFFERED
1/0 PORTS 8 x 16 bits 16 x 16 bits
DMA INTERFACE NO YES
WAIT STATES NO YES
G6LOBAL MEMORY NO YES
(10-3-63
Me-300 —————




TH5320 FAMILY COMPARISON MATRIX - III

PACKAGE

40-PIN DIP/PLCC

PERFORMANCE 1ST GEMERATION 2ND GENERATION
CYCLE TIME 160/200 NS 100 NS
MULTIPLY/ACCUMULATE 320/400 NS 100 NS
RELATIVE PERFORMANCE 1X 4-6X
INDIRECT ADDRESSING | INCREMENT/DECREMENT | INCREMENT/DECREMENT/
MODE OPTIONS INDEXED/BIT REVERSED

TECHNOLOGY
{aocsss 1.8u CMOS 1.8u CMOS
TYPICAL PONER 165aW 500aN

68-PIN PLCC & P6A

-+
RTC-100 ‘“J

\—-‘€§§}1lﬂa>&UMU




fst Gen -20 Wz
S (Kl
PN (08
2 IS

s

fst Gen -3 M2
St (aad
AN (28
RO (8

nd Gen - 20 M
S (&l
PR (Xe8)
PR (88)

L

nd Gen -8 W2
s (aad)
PRON (208
PR (08

Access
Tine

N
&~
0 ns
Mns

5 n
&ns
50 ns

50 ns
&n
70n
70 ns

Sne
Em
&ns

Vendor

S

Texas Instrusents
Nafer Scale Integration
Wafer Scale Integration

DS
Texas Instrusents
Texas Instrusents

INNOS

Texas Instrusents
Safer Scale Integration
¥afer Scale Integration

Cypress
Texas Instrusents

Texas Instrusents

L— '{@ THS320 Sepinar

MEMORIES FOR THE TMS320 FAMILY

PN

ns12m-70
TP I65-6
¥SS7CAS-10
WSS7C8-70

6155
TBPAL165-6

ns1e1-50
TP I65- 65
WSS7CE4 -70
¥SE7C49-70

CY7C169-25
PRLIES-B
18P27C282- &

(10-4-6)
ATC-100

ONGINAL PA
OF GE 18

QUALITY




NILITARY PRODUCTS - DSP ROADMAP

™R 000

ouS
OERATION =% 10 125¢
2005 OEFIN]TION
ous
5 10 12%¢
SECOND
ﬂ: AN & WOFRES
COERATION AN 544 RS o

5 10 100
oS
RAI 544 WORDS -5 10 125C
OEFINTTION
; _
ol 200 2ocs S
CENERATION NS 05 X ops
-5 10 100C 55 10 125 = 10 1%
ROK 1.5 WORDS RON 1.5 WORDS  EPRON &/RON WORDS
RAX {44 WORDS RN 144 WORDS RAX 288 WORES

l!!/ﬁ iL 1;7 1£a (10-3-79
KJQ@mmmm RTC-10) ——————




AGENDA

RS

INTRODUCTION

GECOND GENERATION 320 (320C23)
FIRST GENERATION 320 (320C10)
BREAK

THIRD GENERATION 320 (326C30)
TOOLS

APPLICATIONS




A HIGH SPEED
FLOATING POINT DSP

FROM

TEXAS INSTRUMENTS

THE

TMS320C30



TMS320C30 PRESENTATION OUTLINE

TMS320 FAMILY MIGRATION PATHS
TMS320C30 KEY FEATURES.
TMG320C30 BLOCK DIAGRAM.

DETAILS OF TMS320C30 ARCHITECTURE.

TMS320 FAMILY BENCHMARKS.
TMS320C30 SUPPORT TOOLS.
TMS320C30 PROGRAM SCHEDULE.




MO Z>X20V$0TMOVMU

, TMS320C3x
{320030 - 32-8IT CPU
| = B0-NS INSTR CYCLE
TMS320C2x -f: : :3:
{32020  -16-BIT CPU -
320025 - 100-NS CYCLE - ?;u"';‘g;"“gcmf
il TMS320C1x :f;‘,',,ggg",,gc" ~ 32X32=40-BIT WULT
| 32010 - 16-817 cPy — 128K ¥ TOT NEM ~ 2 SERIAL PORTS
i1 32011 -~ 160-NS INSTR CYCLE ~ 16X16=32-BIT MULT - 2 TIMERS
[ 320010 =~ 256 ¥ DATA RAW — SERIAL PORT — DA
| 320C15 ~ 4K ¥ ROM/EPROM — BLOCK MOVE/REPEAT
Il 320C17 = 16X16=32-BIT MULT I
ii,' 320E17 - 2 SERIAL PORTS
i ~ COMPANDING H/V
= COPROCESSOR 1/F
AP VR My 1 e Y
1982 1985 1987




(”\

TM5320C30 KEY FEATURES

MEMORY
RAM RAN ROM PROGRAN
BLOCK 0 BLOCK 1 BLOCK 0 CACHE
1K x 32 BITS | 1K x 32 BITS | 4K x 32 BITS | 64 x 32 BITS
CPU DMA
INTEGER/ INTEGER/ ADDRESS
FLOATING POINT | FLOATING POINT GENERATORS
MULTIPLIER AL CONTROL REGISTERS
B EXTENDED PRECISION
REGISTERS PERIPHERALS
ADDRESS ADDRESS

GENERATOR 0

GENERATOR 1

B AUXILIARY REGISTERS

12 CONTROL REGISTERS

SERIAL PORT O
SERIAL PORT 1

TIMER O
TIMER 1-

= 60 ns SINGLE-CYCLE EXECUTION TIME, 1u CMOS.

= TWO 1K x 32-BIT SINGLE-CYCLE DUAL-ACCESS RAM BLOCKS.
o ONE 4K x 32-BIT SINGLE-CYCLE DUAL-ACCESS ROM BLOCK.
o 64 x 32-BIT INSTRUCTION CACHE.

» 32-BIT INSTRUCTION AND DATA WORDS, 24-BIT ADORESSES.
e 32/40 BIT FLOATING-POINT AND INTEGER MULTIPLIER.

e 32/40 BIT FLOATING-POINT, INTEGER, AND LOGICAL ALU.
o B EXTENDED-PRECISION REGISTERS.

» TWO ADDRESS-GENERATORS VITH 8 AUXILIARY REGISTERS.
o DMA CONTROLLER FOR CONCURRENT 1/0 AND CPU OPERATION.
» THO SERIAL PORTS AND TVWO TIMERS.

o HIGH-LEVEL LANGUAGE SUPPORT.

o INTERLOCKED INSTRUCTIONS SUPPORT MULTIPROCESSING.

s 2ERC-OVERHEAD LOOPS AND SINGLE-CYCLE BRANCHES.

= 176-PIN MICROPROCESSOR VERSION.

» 100-PIN MICROCOMPUTER VERSION.




_RoY
HOLD
HOLDA_
STRE
RV
D(31-0)
A23-0)

J0RDY

10STRB

__RESET 3
INT(3-0) )
TACK &
XF(1-0) ©
HC/WP =

X1 &
X2/CLKIN -)
VEC(7-0) )

¥S5(10-0)

VBBP -
5uBS

D MIrrrEoOm-—-"=200m0

"\ 10r/T0¥
100(31-0)
10A(12-0)
WSTRE

SERIAL PORT 015

SERIAL PORT 1

PROGRAM RAM RAM ROM
CACHE BLOCK 0 BLOCK 1 BLOCK 0
(64 X 32) UK X 32) (1K X 32) K X 32)
CPU DMA
INTEGER/ INTEGER/ ADDRESS
FLOATING POINT | FLOATING POINT GENERATORS
WULTIPLIER ALY CONTROL REGISTERS
8 EXTENDED PRECISION
REGISTERS
ADDRESS ADDRESS
GENERATOR 0 | GENERATOR 1

8 AUXILIARY REGISTERS

12 CONTROL REGISTERS

TIMER O

TIMER 1




0 SHORT INTEGER FORMAT.

(\.

TMS320C30 INTEGER FORMATS

15

0 SINGLE-PRECISION INTEGER FORMAT.

31

0

* RANGE -2‘5: si :215-1

— 16-BIT FORMAT USED FOR IMMEDIATE
SIGNED OR UNSIGNED INTEGER OPERANDS

s - SIGNED INTEGER

¥ RANGE 2% ¢ o1 2% -

- 32-BIT SINGLE-PRECISION SIGNED OR
UNSIGNED INTEGERS

si - SIGNED INTEGER




TMS320C30 FLOATING POINT FORMATS

0 SHORT FLOATING-POINT FORMAT.

15 121110

0

exp .

man

MOST POSITIVE
LEAST POSITIVE
LEAST NEGATIVE
MOST NEGATIVE

HOST POSITIVE
LEAST POSITIVE
LEAST NEGATIVE
MOST NEGATIVE

HOST POSITIVE
LEAST POSITIVE
LEAST NEGATIVE
MOST NEGATIVE

2,5584x10°2

7.8125x10 3
-7.8163x10°3
-2.5600x10°2

3, 4028234x10 38
5. 8774717x10 -39
5. 877472410 "3
-3, 4028236x10 38

3, 4028236683108
5. 8774717541x10™38
-5. 8774717560x10™39
-3. 402823669110 38

l
|
f
i
;
!




—_ ;O Uv EMX 20 MmMm—4>xXm

CACHE
(64x32)

C

TM5320C30 MEMORY SPACE

< C X

PC/IR

CPU

DMA CONT.

< C X
~SIVO TV O N~ rFrmrr>3_0>0

¢ 16-MEGAVORD SINGLE LOGICAL
MEMORY SPACE

= PROGRAN
= DATA
- 1/0

® TWO 1Kx32 BIT ON-CHIP RAM BLOCKS
o ONE 4Kx32 BIT ON-CHIP ROM BLOCK

o EACH RAM OR ROM BLOCK SUPPORTS
TVO ACCESSES PER SINGLE CYCLE

o MULTIPLE BUSES SUPPORTS MULTIPLE
PHYSICAL ADDRESS SPACES

o TABLES, COEFFICIENTS, PROGRAM CODE,
OR DATA CAN BE STORED IN RAM OR ROM




00000000
000003FH

0000040H

OTFFFFFH

0800000H
0801FFFH

0802000H
0803FFFH

0804000H
080SFFFH

0806000H
0807FFFH

0808000H
0B097FFH

0803800H
080SBFFH

0809000H
0B0SFFFH

080A000H

OFFFFFFH

TMS320C30 MEMORY MAP

INTERRUPT LOCATIONS AND
RESERVED (64) EXT STRB ACTIVE

EXTERNAL
STRB ACTIVE

>y

[/0 PORT
MSTRB ACTIVE (BK)

RESERVED

—___1/0 PORT
T70STRB ACTIVE (BK)

RESERVED (BK)

PERIPHERAL BUS MEMORY MAPPED
REGISTERS (INTERNAL) (6K)

RAM BLOCK 0 (1K) CINTERNAL)

RAM BLOCK 1 (1K) (INTERNAL)

EXTERNAL
STRB ACTIVE

Lt

MICROPROCESSOR MODE

00000000
000003FH
0000040H
O0COFFFH

0001000H
O7FFFFFH

0800000H
0B01FFFH

0802000H
0B03FFFH

0804000H
0B0SFFFH

0806000H
0807FFFH

0808000H
08097FFH

0809800H
0809BFFH

0809000H
0B09FFFH

080A000H

OFFFFFFH

INTERRUPT LOCATIONS AND

— RESERVED (64) AND 4K ROM —
(INTERNAL)

{ _ EXTERNAL
‘ STRB ACTIVE

3

__[/0 PORT
MSTRB ACTIVE (BK)

RESERVED

/0 PORT
1/0STRB ACTIVE (8K)

RESERVED (8K)

PERIPHERAL BUS MEMORY MAPPED
REGISTERS (INTERNAL) (6K)

RAM BLOCK O (1K) (INTERNAL)

RAM BLOCK | (1K) (INTERNAL)

EXTERNAL \
' STRB ACTIVE

P
-

e

NICROCOMPUTER MODE

¢ SINGLE LOGICAL 16M-¥ORD
MEMORY THAT CONTAINS
PROGRAM, DATA AND 1/0
SPACE

® NEMORY MAP CONTAINS
= ALL ON-CHIP MEMORY
= ALL ON-CHIP PERIPHERALS
= ALL EXTERNAL INTERFACES

¢ ON-CHIP ROM IS ENABLED
IN MICROCOMPUTER MODE



- C -
TMS320C30 EXTERNAL MEMORY PORT

/ TR

EDT ] 009

HOLD — W:'E:.’I:... A * 32-BIT EXTERNAL DATA, 24-BIT EXTERNAL ADDRESS BUSES
T — * SUPPORTS SINGLE CYCLE ACCESSES
= OB * SOFTWARE PROGRAMMABLE WAIT STATES PLUS READY LINE

CRLEEE X TN # HOLD LOGIC FOR TRI-STATING PORT

‘.V‘ .c.‘ ’.v.s.‘

AQR3-0) — ¢ 16 MEGAWORDS TOTAL ADDRESS SPACE

’ *"'A'~
‘ ‘.v" ."v...!.\‘.“

RV — # MEMORY-NAPPED ACCESS
¢ BANK-SYITCH DETECTION

0E31-0) - R M-m"

00000




Jopanagse

~aapangy
TN
\/ " 'A"" "": \J \J
LQOAROR RIS

1K)
Y Y YN

"

N ' ~‘;
A'A"A'&A’A‘A')A

ey

.V'V"A'l‘.'" "}‘V‘."'
ADDRZ\BIS
.'A’A'A'A'A‘A’&A'A)A

’

X CXX

TM5320C30 PARALLEL I/0 PORT

'(szo’;:é‘:;‘o:o:c'

~ JORDY

—  JOHOLD

— "TOHOLDA
— J0STRB
— NSTRB
— J0RAV

— 100(31-0)

— 10A(12-0)

¢ 32-BIT EXTERNAL DATA, 13-BIT EXTERNAL ADDRESS BUSES
# SUPPORTS SINGLE CYCLE ACCESSES

¢ SOFTWARE PROGRAMMABLE WAIT STATES PLUS READY LINE

# MEMORY-MAPPED ACCESS

¢ SUPPORT FOR 1/0 INTERFACES




-

TMS320C30 REGISTER FILE

WULTIPLIER

ALU

Y

» EXTENDED PRECISION REGISTERS

- SUPPORTS OPERATIONS ON 40-BIT FLOATING POINT AND
32-BIT INTEGER NUMBERS

# AUXILIARY REGISTER ARITHMETIC
UNITS (ARAUOC AND ARAUD

- CAN GENERATE TVWO ADDRESSES IN ONE CYCLE

- OPERATE IN PARALLEL VITH THE MULTIPLIER AND ALU

- SUPPORT DISPLACEMENTS AND INDEXES FOR LINEAR,
CIRCULAR, AND BIT-REVERSED ADDRESSING

* CONTROL REGISTERS

- STACK POINTER

- INTERRUPT MASK AND FLAGS
- BLOCK REPEAT REGISTERS
- STATUS REGISTER

- INDEX REGISTERS




MUX

S 30Y4 TWNIDWO

ALFWND ¥00d 40

)

TMS320C30 ALU FEATURES

XL G

MULTIPLIER

REGISTER FILE

* SINGLE CYCLE ALU OPERATIONS

COSCAATINIPIST TN # FLOATING POINT OPERATIONS

U\ /XX XN\

= (8-BIT EXP, 32 BIT NAN)+/-(B-BIT EXP, 32-BIT MAN)
= (8-BIT EXP, 32-BIT MAN)
= AUTOMATIC HANDLING OF MANTISSA OVERFLOW

—FLAG SET ON EXPONENT OVERFLOV
* INTEGER OPERATIONS

- 32-BIT INTEGER OPERATIONS
= FLAG SET ON OVERFLOW

* LOGICAL OPERATIONS

= 32-BIT LOGICAL OPERATIONS

* BARREL SHIFTER

- SHIFTS UP TO 32-BIT RIGHT OR LEFT




TMS320C30 MULTIPLIER FEATURES

-.L&Q&ﬂ;:.

# SINGLE CYCLE MULTIPLICATIONS

+ FLOATING POINT OPERATIONS

— (8-BIT EXP, 24 BIT MAN) x (B-BIT EXP, 24-BIT MAN)
= (8-BIT EXP, 32-BIT HAN)

ALU ~ AUTOMATIC HANOLING OF MANTISSA OVERFLOV

— FLAG SET ON EXPONENT OVERFLOV

-9 BWREL 4 INTEGER OPERATIONS

B RS

»
St
”~

£

- (4-BIT IND x (24-BIT IND) --> (32-BIT IND
= FLAG SET ON OVERFLOV

REGISTER FILE




RAM RAM RON
" BLOCK 0 BLOCK 1 BLOCK
(1Kx32) (1Kx32) (4Kx32)
P
(X A
R * 64 X 32-BIT GENERAL PURPOSE
\ INSTRUCTION CACHE,
L T¥O 32-¥ORD SEGMENTS UPDATED N
L A LEAST-RECENTLY USED BAS]S
:: f ® USER CONTROL FUNCTIONS,
1 - CACHE DISABLE
X y - CACHE FREEZE
/ - CACHE CLEAR
P
0
R
I

PC/IR CPU  DMA CONT,
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TMS320C30 DMA CONTROLLER

+ ON-CHIP DHA CONTROLLER FOR CONCURRENT 1/0

+ ANY SIZE DATA TRANSFERS AND DATA RATES
T | ' + NENORY TO WEMORY TRANSFERS

» CYCLE-STEAL TRANSFER MODE

« FIVE WEMORY-NAPPED REGISTERS FOR DMA CONTROLs

{ - CONTROL AND INTERRUPT MASK REGISTERS
l?!‘uWﬂ@lii\%‘.dﬂ .mwﬁ?: MWH"W“":‘%‘ A - SOURCE ADDRESS

" GLOBAL CONTROL
REGISTER DESTINATION ADDRESS
SOURCE NDORESS - TRANSFER COUNTER
A
| RECISTER » PROGRAMMABLE INCREMENTING OR DECREMENTING OF
ADDRESSES
DESTINATION ADDRESS -
REGISTER » PROGRAMMABLE 1/0 SYNCHRONIZATION
TRANSFER COUNTER
REGISTER




~<VDoxmMm=x

® DEDICATED INTERNAL ADDRESS AND DATA BUSES FOR PERIPHERALS
¢ CURRENT PERIPHERAL FUNCTIONS INCLUDE,

= DIRECT MEMORY ACCESS CONTROLLER

- TWO SERIAL PORTS

- TWO TIMERS

- EXTERNAL MEMORY INTERFACE CONTROL

= PARALLEL 1/0 PORT CONTROL



TMS320C30 TIMER MODULES

GLOBAL CONTROL F»; # TWO SEPARATE, INDEPENDANT TIMERS/COUNTERS

REGISTER ! + MEMORY-MAPPED REGISTERS FOR EACH TIMER:
PERIOD REGISTER i Tk - TIMER CONTROL
i - PERIOD REGISTER
TIMER REGISTER e - COUNTER

+ ONE 170 PIN PROGRAMMABLE AS CLOCK INPUT OR
STATUS OUTPUT

s 32-BIT COUNTER - MAXIMUM CLOCKING = f(CLKOUT)/2
¢ NTERNAL OR EXTERNAL CLOCK SOURCE

+ PROGRAMMABLE RESET, COUNTER ENABLE, AND
OUTPUT CONTROL

GLOBAL CONTROL
REGISTER

PERIOD REGISTER Ttk

TIMER REGISTER




TM5320C30 SERIAL PORTS

GLOBAL CONTROL by ill— FSXO

REGISTER ;I DXO0 ¢ TV0 SEPARATE, INDEPENDENT PORT MODULES
CLOCK DIVIDE :54; i cLxo ¢ 8, 16, 24 AND 32-BIT VORD LENGTHS
REGISTER il
;5 “{ : FSRO # MEMORY MAPPED REGISTERS FOR EACH MOOULE
TRANSMIT RECISTER [ — omo - CONTROL, TRANSMIT AND RECEIVE BUFFER, CLOCK PERIOD
RECEIVE REGISTER  [Jl!4i— CLKRO * PROGRAMMABLE INTERNAL OR EXTERNAL CLOCK SOURCE

¢ FIXED OR VARIABLE DATA RATE SUPPORT
® HANOSHAKE MODE FOR ZERO-GLUE INTERCONECT

# SIX EXTERNAL PINS PER MODULE;
= TRANSMIT AND RECEIVE DATA, FRAME SYNC AND

FSX1

LR A R T },
GLOBAL CONTROL  Filviut

REGISTER X1 CLOCK PINS
CLOCK DIVIDE CLK1 .
REGISTER Fonl ® MAXIMUM CLOCK FREQUENCY = f (CLKOUT)/2

® NAXINUM TRANSFER RATE > BMHZ
¢ DOUBLE BUFFERED TRANSMITTER AND RECEIVER

TRANSMIT REGISTER OR1

CLKR]

RECEIVE REGISTER
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1
2
3
4
S

(' -

TMS320C30 PIPELINE

CYCLE
1 2 3 4 5 6 7
] Fercw J oecooe | Rean | EXECUTE |
Irercn | oecooe | Reao | execute |
| retcn | oecooe | reao | execute |
] Fercu | DECODE | READ ] execute |

| rercn | oecone | reao |

» PIPELINE SEQUENCE HANDLED TO GUARANTEE
CORRECT EXECUTION SEQUENCE

» "DELAYED" BRANCHES ALLOWED




TM5320C30 ADDRESSING MODES

MODE EXAMPLE
REGISTER ADDF RO, Rl
DIRECT ADDF BDMA, R1

SHORT IMMEDIATE ADDF 3.14. Rl




TMS320C30 ADDRESSING MODES

MODE EXAMPLE
LONG IMMEDIATE B ADDR

PC RELATIVE BV LABEL
: (ASSEMBLER VILL CALCULATE DISPLACEMENT)




TM5320C30 INDIRECT ADDRESSING MODES

MODE EXAMPLE
INDIRECT ADDF =+AR1(15), RI1
PRE #+AR0 (di)
#-AR4 (di)
PRE WITH UPDATE #++AR7 (di)
#-<-AR1 (di)
POST WITH UPDATE #AR3++(di)
#AR4--(di)
CIRCULAR #ARS++(di) X
#AR6--(di) X
BIT REVERSAL #AR2++ (IR0)B

("di* CAN BE A DISPLACEMENT OR AN INDEX REGISTER (IR0 OR IR1))




IMS320C30 TWO-OPERAND INSTRUCTIONS

-I - - -
ARntdisp
R 0P, expr —>
. = ~ ~ -
lRegxster Pl smediote memory indirect semory direct |

ALU/MPY

Y

Register 1

ADDF RO, R1 s REGISTER MODE
MPYF 2.72,R7 s IMMEDIATE MOOE
AND =ARC, R2 s INDIRECT MODE
ADDC @XLOW, AR1 » DIRECT MODE




THS320C30 THREE-OPERAND INSTRUCTIONS

M

ARn+disp

IRn ™

| Register n

ARm+disp
Re >

Rosory lln—dm—'l LRegister m

M

mesory indirect l

ALU/MPY

v

Roglstor il

SUBF3 RO, R1,R2
SUBF #AR2, R1, R2

ANDN RO, =AR3, R4

ANDN3 =AR2, =AR3, R1]

s REGISTER AND
1 REGISTER

s INDIRECT AND
¢ REGISTER

s REGISTER AND
¢ INDIRECT

+ INDIRECT AND
¢ INDIRECT



TMS320C30 ALU/MPY INSTRUCTIONS WITH STORE

—

[ -~
L d L4

ARn+disp —> ARm+disp —

IRn

[ 4 o~
4 -

Register »

[I—
sosory indirect

ALU/MPY

y

Register i

—

~ -~
Ld L4

IRm ! 1
[
mamory indirect

b

1V STI

Register n

MPYF RO, #*ARO++, R2 LW IN
v+ GTF  R3, #*AR1-- s PARALLEL
, VITH STF

AND R2, #AR2++(IR0), R3 1+ MD IN

R3, *AR1--(IR1) ; PARALLEL
; WITH STI




TMS5320C30 PARALLEL ADD AND MPY INSTRUCTIONS

! ] ! 1
ARn+disp ARat+disp
IRn IRn
~ 4 - 4
Ragister nj|Register B|  onory indirect momory indirect
MPYF #ARO, #AR1++,R0 ; MPYF
11 ADDF RO, RI,R2 s IN PARALLEL VITH ADD
SUBF RO, R2, R2 1 SUB] |

i1 MYPF ®AR]++, #AR2--,R1; IN PARALLEL VITH MPY

el

¢ MPYI *AR},RO,RI s WPY]

i1 ADDI #AR2, R2,R3 s IN PARALLEL VITH ADD
ADDI (F) /SUBI (F) / \ MPYI (F)

Register 2 Register 0
Register 3 Register 1
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TMS320C30 FAMILY BENCHMARKS

DSP APPLICATIUNS TIMING
FIR FILTER TAP 60 NS
LMS ABAPTIVE FIR FILTER TAP 180 NS
BI-QUAD FILTER ELEMENT (FIVE MULTIPLES) 360 NS
FFT TIMING RADIX-2 (REAL) RADIX-4 (CMPLX)

NUMBER 64 0.075 =»s 0.123 ms
oF 256 0.354 ms 0,624 ms
POINTS

1024 1.670 ns 3.00 s °




TM5320C30 DEVELOPMENT TOOLS

\l/ SOFTWARE DESIGN TOOLS 4( )> HARDVARE DESIGN TOOLS
C SOURCE

Co0e \L TMS320 APPLICATIONS

< ™S320 TRI\NSU\TDR LIBRII\RY
coen [ SPRIE COE

e 1 3]
ASSEMBLER

o
0
\Lusmcr CO0E
? LINKER
\L DOVKLOAD “LINKED" OBJECT CODE | ooo M
N N2 V4 X0S 3

TARGE
o1 Eoe [ WA
— D | DEVELOPMENT
= . é SYSTEM

= SOFTWARE
£ == £ 4\ DEVELOPHENT
SIMULATOR SWDS SYSTEM

| (10-6-2)



AGENDA

SRESRAEESESREERES

INTRODUCTION

GECOND GENERATION 320 (320C23)
FIRST GENERATION 320 (320C10)
BREAK

THIRD GENERATION 320 (320C30)
T00LS

APPLICATIONS




THS5320 DEVELOPMENT TOOLS )

HWARDARE DESIGN TOOLS

SOFTWAE DESIGN TO0LS €— S
C
(»14 3
DFDP  APPLICATIONS
T e | LIBRARY
° AsseuaLEIﬂ( '
] SOURCE CODE
0BJECT CODE

NV

© | | LINER
DOWMEOAD *LDNGED® OBJECT CODE

SIMULATOR

EVM [[—1f] a1B
EVALUATION WOOULE  ANALOS
INTERFACE
BOARD

(10-6-2

RTC-100 ———)

®
— '{[@ 6320 Seninar



MACRO CAPABILITIES
LIBRARY FUNCTIONS
CONDITIONAL ASSEMBLY

RELOCATABLE MODULES

AVAILABLE ON VAX/VMS
AND PC/MS-DOS SYSTEMS

TNS320 MACRO ASSEMBLER/LINKER

MELSCATARE GBJECT CHDE FILES

MACRO ASSEMBLER

\

LINKER

g

LDOED (BJECT CHCE FILE

uo-+-3

L%@ THS30 Seajnar

MC-10 ————
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THS320 SOFTWARE SIMULATOR

@ ABILITY TO SIMULATE EITHER
MICROPROCESSOR OR MICAOCOMPUTER

MODE P Mc oA
® BREAKPOINT/TRACE CAPABILITIES B TR
CoaD:

@ MODIFY AND DISPLAY BOTH PROGRAM
MEMORY OR DATA MEMORY

MODIFY AND INSPECT REGISTERS — B

o — =]
® SINGLE-STEP EXECUTION Lf = j
® ASSOCIATE FILES T0 1/0

® AVAILABLE ON VAX/VMS AND

PC/MS-DOS SYSTEMS

° Uo-¢-4
\— % TEX0 Seninar RTC-400 -
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@ 1BM-PC/AT ADD-IN BOARD

® REALTIME DEBU6 FOR TMS320C25
AND TMS32020

@ 24K WORDS PROG/DATA MEMORY
® MENU-DRIVEN COMMAND ENTRY

® DIRECT ACCESS TO OTHER PC
UTILITIES INCLUDING ASSEMBLER/
LINKER/TEXT EDITORS

@ EXTERNAL CABLE AND ADAPTERS:
- PGA CONMECTOR COMECTS SIS T0 68-PIN GRID
AFRAY FOOTPRINT (ME320C0/C25 TARGET SYSTEX

- ANALOG INTERFACE BOARD ADAPTER CONMECTOR
CONELTS SHS TO N3N0 AIB

SMDS SOFTMARE DEVELOPMENT SYSTEM

L@MWnr
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DFDP DIGITAL FILTER DESIGN PACKAGE
@ INTERACTIVE MENU-DRIVE PACKAGE
FROM ATLANTA SIENAL PROCESSORS
INC (ASPI) 'ﬂmil'ﬂ’ﬂ
OFP ESTDUTES RE5'D FILTER OROER
e DE.S'LGS:‘ ;I& FILTERS ® DPLS 56T
- PAR-COLELL mmmrg LBSTH T0 B WSED
@ DESIGN IIR FILTERS P CLSLITES S IEIENTS 00
BUTTERVCRTH RESPOGE OUWACTERISTICS
- OEEYOEY 1 MO 11
= BLLIPTIC mwam!/mmes
@ DISPLAYS FILTER RESPONSES OFP DEMTE nts:encw/zm
@ GENERATES TMS320C10/C25
ASSEMBLY CODE FULLY COMMENTED
@ RUNS on IBM PC/XT/AT
064 '

RTC-30 —————/

— R@ NE3N0 Seninar

ORIGINAL PAGE I8
OF POOR QUALITY
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TMS320 EVALUATION MODULE
@ INEXPENSIVE EVALUATION ToOL
@ RESIDENT EDITOR/DEBUG MONITOR s
@ ASSEMBLER/REVERSE ASSEMBLER smaE
@ S/W SINGLE-STEP/BREAKPOINT SR’ e
TERWL. SPRY
@ TARGET CONNECTOR FOR |
IN-CIRCUIT EMULATION — —
@ DUAL SERIAL RS232 PORTS e rSTEN
@ HOST CPU UPLOAD/DONNLOAD
@ BUILT-IN EPROM PROGRAMMER
5 (0-6-0
\—— {%} T30 Sesinar RTC- 100 ‘-J




THS320 ANALO6 INTERFACE BOARD

@ 12-BIT A/D, D/A CONVERTERS

@ THO USER-DEFINABLE 16-BIT
INPUT LATCHES FOR A/D'S

NITH A/D STATUS REGISTER o

@ ONE USER-DEFINABLE 16-BIT
" QUTPUT LATCH FOR D/A’S

@ PROGRAMMABLE SAMPLE-RATE CLOCKS

@ TNO ACTIVE LOWNPASS FILTERS

@ 1C AUDIO AMPLIFIER WITH VOLUME
CONTROL

@ WIRE-WRAP AREA

@ ADAPTER BOARD T0 CONVERT T0
TMS32020/C25 DEVELOPMENT TOOLS

-

(0-6-
R1c-100 ——————
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XDS UPGRADES A

@ UPGRADE KITS EXTEND FUNCTIONALITY OF EXISTING
DEVELOPMENT SYSTEMS AT A MINIMUM COST

@ INSTALLATION OPTIONS

- FACTORY UPGRADE
- CSTOER UPSAADE LOER COST, FASTER TURWAOUOH
TSI2010 1DS/22 IED0CI0 1ST COERTION D5-2
/G007 /000 ____7/
+ BULATOR 0N,
& %2 BF1/TRAE/TDOS,
NS00 KWS/22 OIP TARGET CONECTR THS20C25 20 SENERATION XDS-22
~
/C00____/ /0007
+ 2PAS, 2 EFOS,
/M 2 WS, CRYSTAL, /M
NEINC,
NE32020 X5-14 © W2 BP1/TRACE/TDDS TE32020/C25 1DS-11
— = SUE AS ABOYE VITHOUT — =
& #2 BPT/TRAE
uo-6-14

[ ]
i RTC-100 ——————




[ TNS320 DEVELOPMENT TOOLS - FEATURE MATRIX
EM__ SIMULATOR  SWDS XDS

EVELRENT RRPOSE:
CHLITIOIBOWADS
SFTWE XvEL 0RO
MOWE EEIN

LDE-SY{ DE ASSDELER/REVERSE ASSDBLER
MOIFYAIPUY IBORY ND RESISTERS
SDRLE-STEPPDE

FENPODNT O AXRESS
SEAPODT (N NOURY ACCESS/READARITE
TDE-STHPDE/QLOK CRNTER
REAL-TDE TRAE SNPLES

ALL-%EED DHCIROVTT GRLATION
FROM OH-B0AFD NDIORY

A0 TARSET YDXORY

MLTI-SER SYSTEN
WILLI-I» SYSTEN DITERFACE

FILES ASSOCLATED 10 1/0 PORTS

ssssy sEExAND w8y
O8AsS B@adaas 8sgg

AO88y sASFAdAS 8O3
S8577 aaadods add

NOXT F BORY
O+-8040 PROGRNUDATA (TS32040/C10) &/- WA Wi &«/-
OHOFD PROGRN/TATA (NE3200/C25 L I WA L 4 &K
PROGRATATA EXPASION (ME3C2S) 18V/16& WA KA 64

N o S

OMNAL Prge g
OF POOR quaLiry
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SUMMARY - TNS320 DEVELOPMENT TOOLS
<. s
SOF TWARE 2 : FNOLY HARDWARE g : FNOLY

MO0 ASSOBLER/LDEER EVALUATION NODWLE - EWN X  §

VAX V5 ¢  §

B 15005 X  § 5/2 DULAT(R X X
SILATOR oS/ PSR

YAX W6 X X FACTORY X X

P 5005 X X QSTOER X X
SIS - $/¥ (EVELOPYENT SYSTEN X X0S/14 UPSRADE

FACTORY X

OFDP - DISITAL FILTER OES AXE X QUSTONER  §
0SP SOFTUARE LIBRARY ANULOG INTERFACE BOND - AIB X

YAX N8 X

IB-PC 15005 X AID ADWPTOR X 1
SELL 2124 WODEN SN | G320 DESIN KIT X

3 - SEE TABLE A-2 IN THS320 FAMILY DEVELOPMENT SUPPORT REFERENCE AUTIE
FOR PART MMBERS
{10-6-13

\—{%)rmww

R1C-100 ————J
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TH5320C30 DEVELOPMENT TOOLS

C THS326C30 32010, 20, (25
SOURCE FILE SOURCE SOURCE
| I ]
C
CONFILER ASSEMBLER
o v
( UBECTFILE 7/ RELOCATRELE hmmggsﬁ
\ LIERRIES ,r UBJECT FILE ® o = OBJECT FILE
L ]

LINK

ARCHIVER EGITOR

EXECUTRBLE
OBJECT FILE

SOF TWARE
SIMILATOR

S/W DEVELOPMENT
BOARD

FORMATTER

PROM PROGRAMMER
FILE
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™S320 Seainar

TNS320 SUPPORT TOOLS

o DOCUMENTATION

o NENSLETTER/BULLETIN BOARD/HOTLINE
o DSP TEXTBOOKS

o THIRD-PARTY SUPPORT

@ HANDS-ON TRAINING

(10-6-14

RIC-100 ———-——J




TMS320 DOCUMENTATION

@ PRODUCT DESCRIPTIONS/BULLETINS

NER0 0% PROOUCT BULLETIN
DSOS AROOUCT DESCRIPTION

@ USER’'S GUIDES

NER040 USER'S WIDE
DEX011 USER'S QUIDE
TE30 FAGLY JEVELOPENT SUPPORT REFEREXNCE QUIDE
NEX0X USER'S GUIDE
NSNS USER'S QUIDE

@ DATA SHEETS

NEX010 OATA SEET
TE010-14 DATA SHEET
N304 DATA SEET
DEX0CI0 MATA SEET
DER00 MATA SEET
NEXNCE DATA SEET

o 0SP APPLICATIONS BOOK

— {@ NE3N Sesinar

18
RTC-100 ——J



TMS320 DSP TEXTBOOKS

TITLE AUTHOR PUBL ISHER
Theory and Isplementation C.S. Burrus, John Wiley
of DFT/FFT and Convolution T.u. Parks and Sons
Algorithas
Digital Filter Design T.M. Parks, John Wiley
C.S. Burrus and Sons

Practical Approaches to
Speech Coding

P. Papaaichalis

Prentice-Hall

A Practical 6uide to J.R. Treichler, John Wiley
Adaptive Filter Design C.A. Johnson, Jr., | and Sons

M.6. Larimore
A DSP Laboratory Using T.¥. Parks, Prentice-Hall
the TMS32010 D.L. Jones

o110

RTC-100 _—

r—
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TM5320 NENSLETTER/BULLETIN BOARD/HOTLINE

@ TNS320 NEWSLETTER
- CURRENT AND NEW TMS320 EVENTS/PRODUCTS/UPDATES
- PUBLISHED QUARTERLY
- CALL 800-232-3200 TO BE ADDED TO MAILING LIST

o BULLETIN BOARD
- EXCELLENT COMMUNICATIONS TOOL
- CONTAINS SOURCE CODE FROM THE DSP APPS BOOK
- PHONE 713-879-2091 (BELL 2124 WODEM, 300 OR 1200 BPS)
- USER ID CAN BE OBTAINED FOR FULL ACCESS
- 60-MINUTE PER DAY ACCESS LINIT

o HOTLINE
- HOURS ARE 8:00 AM - 4:30 PM (CENTRAL TIME)
- PHONE 713-TRY-A-320
713-879-2320

(10-6-18
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SOF TNARE_TOOLS

ASSDRLES

SDULATORS

FILTER DESION SN
ALGORITHM DEVELOPENT
SEEND (DR

COPILES

DATA COMUNMICATIOE SN
0SPL COMPILER/L IBRARY
SPEEDH ALSORINES

0% S/ PROTOTYPDS SYSTEN

HARDNARE_T0OLS

DEDESRDE WRSTATIOS
LOSIC AWLYZER, DIASSDBLER
TEST PROGRNE

0SP BOARCS DITTH C-COPILER)
SIMULATOR SYSTDS

TNS320 THIRD-PARTY SUPPORT )

8 FOR IORE OETARS ﬂmmrmvmmmm

SUPPORTED ON

SUPPORTED ON
WERS

s
I-RC/XT/AT
WPS000 LIS
I

R /82824

ERLIPSE $130 ADS
TURB(DS

WRLE 11

NO&A

QUIVETT] K20/24/24 FC
TEXTRONTX 0560

($0-6-18!

RTC-100 -————-J
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THS5320 HANDS-ON TRAINING

R YOR OWN SITE !
¢ HALF-DAY SEMINARS

@ 3-DAY 1ST GENERATION DSP WORKSHOP ($995)

= EWAIR DEVELOPENT TOOLS
= NEX0C15/C47 AROITECTURE/DETRCTION SET/APPLICATIONS

@ 3-DAY 2ND GENERATION DSP WORKSHOP ($995)

- SIS NO/OR XDS DEVELOPBNT TOOLS
= MEX0CS AOTTECTURE/DSTRUCTION SET/APPLICATIONS

- 11

ATC-100

:

;
£a

(10-6-19




@ DEVELOPMENT TOOLS

S PUTIR

EW (EYALUATION NODWLE)

ATD (NWLOS INTERFACE 80ARD
DESION KIT

o SUPPORT TOOLS

DOCLENTATION
IEMSLETTER
BULLETIN BOARD
HOTLLE
TEXTBOOS

@ THIRD-PARTY SUPPORT

o TRAINING
3-0AY ST COERATION DSP WORKSHOP
3-0AY 3D SOERATION 0SP WORKSHP

SUMMARY - THS320 DEVELOPMENT SUPPORT

s SIFTUWE (EVELOPENT SYSTBN
ASSDELEL DEER

SIULATOR

OFOP DIGTTAL FILTER DESIGN PAOUASE)

o429

\— ) e s

RTC-100




AGENDA

INTRODUCTION

SECOND GENERATION 320 (320C23)
FIRST GENERATION 320 (320C10)
BREAK

THIRD GENERATION 320 (320C30)
TO0LS

APPLICATIONS



(- TNS320 APPLICATIONS - I

GENERAL-PURPOSE DSP GRAPHICS/IMAGE INSTRUMENTATION
o DIGITAL FILTERING o 30 ROTATION o SPECTRIM MNWALYSIS
o CONVOLUTION o ROBOTIC VISION o FUCTION SDERATION
o CORRELATION o TMGE TRUSFORUTIOVCOPFESSION o PATTERN WICHN
o HOLBERT TRANSF ORKS o PATTERN RECOBKITION o SEISAC PROCESSING
o FAST FOURIER TRAKSFORIS o DUGE BHACOENT o TRUSIENT AULYSIS

o ADAPTIVE FILTERING ¢ HOMOMORPHIC PROCESSING o DIGITAL FILTERING

o YNOONING o WORKSTATIONS o PHASE-LOOKED LOOP
‘0 MAVEFQRM GENERATION o ANIMATION/DIGITAL WAP
VOICE/SPEECH CONTROL MILITARY
o VOICE ML ¢ DISX CONTROL ¢ SECURE CONNICATIONS
o SPEECH YOCODING o SERVO CONTROL o RADAR PROCESSING
o SPEECH RECOGNITION o ROBOT COMTROL o SONAR PROCESSING
o SPEAXER VERIFICATION o LASER PRINTER CONTROL ¢ INAGE PROCESSING
0 SPEECH ENHANCEMENT o ENGINE CONTROL ¢ MAVIGATION
0 SPEECH SYNTHESIS o MOTOR CONTRQL 0 NISSILE GUIDANCE
o TEXT-10-SPEECH o FF WI0DES

L— {[@ THS320 Seminar




( TMS320 APPLICATIONS - II A
TELECOMMUNICATIONS AUTOMOTIVE
0 ECHO CAMCELLATION o DATA EMCRYPTION o EMGINE CONTROL
0 ADPOH TRANSCODERS o FX o VIBRATION AMALYSIS
¢ DIGITAL PBXs ¢ CELLULAR TELEPHONES 0 ANTISXID BRAKES
0 LINE REPEATERS o SPEAKER PHONES o ADAPTIVE RIDE CONTROL
o CHAMEL MATIPLEXING 0 DIGITAL SPEECH INTERPOLATION (SI) o GLOBAL POSITIONING
0 1200 TO $3200-bps MODEXS 0 1.25 PAOET SUITCHING o NAVIGATION
0 ADAPTIVE EQUALIZERS ¢ YIDEO CONFERENCING ¢ YOICE COMMANDS
0 OTWF ENCODING/DECODING ¢ SPREAD SPECTAUM COMMUNICATIONS ¢ AUDIO PROCESSING
CONSUMER INDUSTRIAL MEDICAL
0 RADAR DETECTORS o ROBOTICS 0 HEARING AIDS
o POMER TOOLS ¢ MUERIC CONTROL o PATIENT MONITORING
o DISITAL AUDIO/TY 0 SECURITY ACCESS 8 WTRASOUND EQUIPMENT
¢ MSIC SYNTHESIZERS 0 POWER-LINE MONITORS 0 FETAL MONITORS
0 EDUCATIONAL TOYS 0 MOTOR CONTROL 0 DIAGNOSTIC TOOLS
0 PROGRAMMABLE CONTROLLERS 0 PROSTHETICS
(10-5-3

[
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TRANSCODER BLOCK DIAGRAN
NALOG | TORSC3 meoocte/ | OW€ | nemociyy [P Toexs | N
st | - o rexecs ¢ A necs omeL ST
THE20 TRUSCIOER ALSORTTHM PERFRWIE STOOND |IEX0010 [nesaocs|  SOURCE
@ 32KBPS ADPCM X CPU LOADING| 100% | 50X |71 Ao Coce WEI]
(ANSI CCITT) (HALF -DUPLEX) 0SP Apps Book (CCITT)
@ 32KBPS ADPCM % CPU LOADING| 80X 45% | 0P Apps Book
(NON-CCITT) (FULL DUPLEX)
@ i6KBPS SUBBAND CODER % CPU LOADING| B0%Xx| 35X |ASPI License
(FULL DUPLEX)
| ¥ REQUIFES 1X VORDS EXTERNAL DATA NENCRY 518
{-@} THS320 Sesinar R1C-100 _-————J




r
ECHO CANCELLER SYSTEM BLOCK DIAGRAM
CENTRAL cenTRAL] U™ | JeenTralJ ST | JcenTRAL
OFFICE OFFICE [| =ow || OFFICE [ s [7] oFFICE
EARTH EARTH || SO0
HYBRID STATION STATION| % HYBRID
' )
ECHO ECHO
AN
NEST END CANCELLER CANCELLER EAST END
(10-5-18

RTC-100

-]
\— K@ THS320 Seminar




ECHO CANCELLER BLOCK DIAGRAM

FAR END SPEECH
| TMS320C25
— ECHO CANCELLER

J\& NEAR END SPEECH

PERFORMANCE
TMS320 APPLICATION STANDARD TMS320C25% | SOURCE
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‘ WHAT IS IT? I

WHY IS IT
DIFFERENT?

[}
— {@) THS320 Seminar

DSP2400 MODEM OYERVIEN

TO TAKE 70 PRODUCTION.

A 2400 bps, HAYES COMPATIBLE, 2-WIRE
FULL-DUPLEX MODEM AVAILABLE FOR OEMS

THE 1200 bps RANGE.

USED IN THE DESIGN.

{. IT BRINGS THE COST OF 2400 bps DOWN T0O

5. 1T ELIMINATES SILICON RISK BECAUSE ONLY
STANDARD, INDUSTRY PROVEN COMPONENTS ARE

(10-5-22)
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D)

DSP2400; A TOTAL SYSTEM SOLUTION

a9
CONPLETE DESIGN QSTOOZEARE
1.9
FOC APPROVED FLEXIBLE HOST 1/F
AT COPATIALE PC WALF-CARD SIZE
K- 5.2° -
. (10-5-24
\— q%) G320 Seainar RTC-100 —
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DSP2400 PROTOTYPE KIT §
/4

CONTENTS:

® FUNCTIONAL DSP2400 ASSEMBLY
ON PC HALF-CARD

@ DSP2400 USER'S GUIDE
- INSTALLATION § OPERATION

- SCHEMATIC

- ASSEMBLY DRAWING
- LIST OF MATERIALS
- PERFORMANCE DATA

@ ARTWORK AVAILABLE ON REGUEST

\\\\

=]

%///////////

P/N: TMDSP2400PK
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DSP2400 PRODUCT SUMMARY

PART NUMBER DESCRIPTION

4. TMDSP2400PK DSP2400 PROTOTYPE KIT

2. TMS320A2400NL DSP2400 MODEM DSP

3. TMS70A2400NL DSP2400 MODEM CONTROLLER

4. TMDS3240814-12 TMS320A2400 SOURCE CODE (PC-MSDOS)
TMDS3240214-18 TMS320A2400 SOURCE CODE (VAX/VMS)

5. TMDS3240815-12 TMS70A2400 SOURCE CODE (PC-MSDOS)
TMDS3240215-48 TMS70A2400 SOURCE CODE (VAX/VMS)

ALL PRODUCTS ARE AVATLABLE THROUGH YOUR LOCAL TI SALES OFFICE

R AUTHORIZED T1 DISTRIBUTER
()
— '{[@ TS0 Seninar
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PC ADD-IN BOARD

SYSTEM BLOCK DIAGRAM

ADD-IN
BOARD

-4 UMNMO X

—&
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® TYPICAL APPLICATIONS

- VOICE MAIL
SPEECH 1/0

MODEM

GRAPHICS ACCELERATOR

NUMERIC PROCESSOA

ATC-400

{10-5-%0)




L‘{@ THS320 Seminar

—
PC ADD-IN BOARD BLOCK DIAGRAM A
PC BUS TMS320C25 TCM2943 e
1/F DSP CODEC DA —OF
ADDITIONAL | MM
A
MEMORY | e au
APPLICATION NER0 ALGORITHN PERFORMACE STRDARD E3NCS SOURCE
YOICE WAL 2400 bps LPC-10 {DOD) SCPU LOADING DULF DURLEX) I R 11 LICESE
16X bps SUBBAND CODER SCPU LOADING QRALF DUPLEX) 01 ASPI LICENSE
MODENM 1200 dps SPLIT-BAND SCPU LOADING (FULL-OUPLEX n $250 FROM 11
{CCITT v.22/212A)
2400 bps SPLIT-BAND SCPAU LOADING (FULL OUPLEX) E 11 LICDSE
(v.22 bis)

+ requires external data mesory

{10-5-31)
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GENERIC GRAPHICS SYSTEM
HOST
TNS34010 | : ] THS320C25
PIXEL NUMERIC
PROCESSING PROCESSING
i
MEMORY CONTROL CAT CONTROL
1 ]
y
PR SR ot
¥ 1
SHIFT REGISTER -ﬂsalrr REGISTER»—{COLOH PALETTE
e TMS34070
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GRAPHICS WORKSTATION SYSTEM BLOCK DIAGRAM

HOST
NIGH-SPEED
ONPUTER VECTORMATRIX
WRKSTATION
PROCESSDE
MONITOR
MIGH-RESOLUTION DISPLAY FORMAT
NO CONTROL
DISPLAY e S

(10-5-34)
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GRAPHICS SYSTEM BLOCK DIAGRANM
E DSP uP CONTROL GSP uP 1::;:; s iwur
T ﬁ X
.-, | | [o=
S TMS320C25 | THS34010 NE34070
MEMORY
PRON (TBP38L 165) DRAM YRAM
EPAOM  (THS27C256)
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ROBOTICS SYSTEM BLOCK DIAGRAM

SYSTEM
MANAGER
CPU
ROBOT ARM
SAFETY =
AXIS 3
CONTROL posor  PEEMIAl
1 A
AXIS sl s '
CONTROLLER | e hun | o | 2 :
o .

(10-5-40)
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ROBOT AXIS CONTROLLER SUBSYSTEM

SYSTEN

)

1/0 + RS2
ORIVERS [OATA

THS70C4

CONTROLLER

THS320C1X/

TNS320C25 [

{

ROBOT ARM

SHAFT ENCODER

PRESSURE SDSTR

V
WIT ST/
MEMORY it
SRAN DEOCDE
PROM

ATC-100

—> 10 PERIPHERALS

AXIS n
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SECURE PHONE SYSTEM BLOCK DIAGRAM

SECURE

PHONE

TERMINAL

PUBLIC SECURE

H SWITCHED H PHONE

NETWORK TERMINAL

RTC-100
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AT&T
PRESENTS

THE WE®DSP32 AND WECDSP16
DIGITAL SIGNAL PROCESSOR FAMILIES

N

— Alal

TECHNICAL SEMINAR

75922.01 € 1987 ATAT Technoiogies, inc.

Notes
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AGENDA

® Introduction e DSP16
e DSP32 - Features
- Architecture - 1/0 interfacing
- 1/0 interfacing Break
Break - Instruction set
- Instruction set - Benchmarks
- Benchmarks e Development Tools
e Development Tools - Software library
- Software library - Development system
- Development system ¢ Concluding Remarks
e DSP32C - Support
- Features
- Architecture
= Instruction Set
- Support
75922.02 € 1987 ATAT Technologies, Inc.
Notes
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DSP PRODUCT EVOLUTION

80 2%5ns
DSP16A
70 O Nmos
Million 60 O cwmos Next
Arithmetic Generation
Operations S0 Floating
Per Sec Point
40 DSP 16 ss5m
‘l
30 Thne sone
DSP32C
1000
DSP1 a00ns 250m
10 (O DSP20 (plastic)
1978 1980 1982 1984 1986 1988 1990
75922.03 Yeaf © 1988 ATAT Technologles, Inc.
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Notes

DSP APPLICATIONS

Processor
Size

32-Bit
floating
point

16-Bit
fixed
point

bsp

DSP32C

DSP32

DSP16A

DSP16

Applications
Markets:

Computing (PC, minis)
= Main processing element
- Math accelerator
Work stations

- Graphics (high end)
Image processing

Advanced speech
Advanced telecom
Robotics
Digital audio
Graphics
Servo control

Speech
- Low DIt rate
Graphics (low end)

Controllers
Telecom

- PBX

- Transmisslon

- Modems
Consumer

€ 1988 ATAT Technologles, inc.




WHY FLOATING POINT?

o Higher precision
o Wider dynamic range

o Ease of use (auto-scaling)

65169.08 © 1986 ATA&T Technologies, Inc.

Notes




WHY FIXED POINT?

e High speed
® Low power
® Low cost

65169.10 © 1986 AT&T Technologles, Inc.

Notes




WHY SINGLE-CHIP?

e Reduced power
e Reduced board area
e Reduced cost

e Reduced development time

65169.11 © 1986 AT&T Technologies, Inc.

Notes




AT&T
PRESENTS

THE WE®DSP32 DIGITAL SIGNAL PROCESSOR

65169.12

Notes

i

ATsT

© 1986 ATAT Technologies, Inc.




WE®DSP32

e Features
- Technology
- Architecture
- Instruction set

e Architecture
- High speed
- Functional diagram
- Data arithmetic unit
- Floating point format
- Floating point advantages
- Control arithmetic unit
- Memory
- Memory map
- Serial interface
- Parallel interface
- Error control logic

Notes

e |/0 interfacing
- Microcomputer
- External memory
- CODEC
- Multiprocessing

e Instruction set
- Data arithmetic unit instructions
- Control arithmetic unit instructions

e Addressing modes
- Immediate
- Memory direct
- Register direct
- Register indirect

e Filter example

e Benchmarks

© 1986 AT&T Technologies, Inc.




DSP32 FEATURES
Technology

e 1.5 micron NMOS

e 155,000 transistors

e Chip area-81 square mm, (12.7mm X 6.35mm)
e 40-pin DIP and 100-pin PGA

e 16 MHz clock (250ns instruction cycle)

e 25 MHz clock (160ns instruction cycle)

e Power dissipation
- 1.8W (Typ), 2.3W (max) for DIP

- 2.0W (Typ), 2.6 W (max) for PGA
e Single +5V power supply

75922.08

€ 1987 ATAT Technologies, inc.

Notes




DSP32 FEATURES

Architecture
o Full 32-bit floating point arlthmetic Clock +5V  GND
£xt. Mem. \/F
e All instructions are single-cycle _
e Two execution units Address . — )
1)DAU 32-bit fioating point (14) Floatin point
- Parallel multiplier and adder Multiplier
. Automatic pos\-normalization Data 40-bit
- Four 40-bit accumulators (32) Floating point
2)CAU 16-bit RISC 1P <D Adder
- 16-bit ALU
. Address generation for DAV paraliel 1/0 16-bit CAU
- Conditional operation (8)
e Memory " 512RV°V&|'dS
- Flexible. Programs or data in RAM or ROM
- No speed penalty tor oif-chip program of data serial1/O
_ 4 accesses per Instruction cycle (2) 1k Words RAM
. Byte Addressable <l

e Serial and paraliel 1/0 ports with DMA

78922.07 ¢ 1987 ATAT Technologies, inc.
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FUNCTIONAL DIAG

RAM

ADOR & EP
£
o = ¥ =z
\ RAM ROM
, | AR 32.BITS 32.87S 32.8175 .
| _PDA_| L
PIO
CONT [_P1R_] RAM- ¢ RAM-2 $12°32
§12°32 $12°32
R1-R19
PIO PCR \] -
DATA i L]
0
- | o | 2
32
oa?f*' ] BATA (3361T3) N
8us 510 —¥ o0
[ 1 T
o 1B
<3 CONTROL
§10 CONT
DO =y
CONTROL
K
65169.18 © 1986 AT&T Technologies, Inc.
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DATA ARITHMETIC UNIT (DAU)

Executes over six million instructions per second
- Instructions have the form a=b+cxd

- Each instruction Iincludes two floating bolnt
operations

- Inputs are 32-bit floating-point numbers
with 24 -bit mantissa and 8-bit exponent

Multiplier and adder inpul sources:

- Memory

- Accumulator (A0-A3)

- SIO Register
Multiplier and adder operate in paraliel
Adder is 40 bits wide
Accumulators maintain eight guard bits
for extra precision

Data type conversions performed in DAU
- Floating point to-and-from integer
- Floating point to-and-from p-law and A-law

All normalization is automatic with no added
pipeline stages

759822.09

Notes

© 1988 ATAT Technologies, Inc.




ADVANTAGES OF FLOATING POINT ARITHMETIC

® Provides large dynamic range (>1500 dB) | -3.4E38 -5.8E-38 - 5.8E-39 . 3.4E38
® Provides high precision independent of b1 ]
magnitude <= Range :

® Eliminates need for scaling after intermediate
computations

- Simplifies software development
- Reduces program size & complexity

¢ Algorithms can be developed on larger floating-
point machines

e Advanced Applications

65169.21 : © 1986 AT&T Technologies, Inc.
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FLOATING POINT DATA FORMAT

2’'s Complement Data

Mantissa Exponent
s FEEEEEEEETRETTTELEffIf | ccceeeee
31

7
Internal Bus (32 Bits)

Mantissa Exponent
e It tioggggggy | eececeee’ |
39 0

7
Accumulator (40 Bits)

65169.22 © 1986 AT&T Technologles, Inc.

Notes




CONTROL ARITHMETIC UNIT (CAUL)

¢ Generates and modifies addresses " CAU
¢ Executes microprocessor-like instructions e
on 16-bit data: [ S Y
- 2’s complement fixed-point arithmetic -/ ALU
- Logic operations
- Conditional branches : * i ’
- Data moves between memory or I/0 —l
registers and any of the CAU registers PC -
® Contains twenty-one 16-bit general purpose R1-R19
static registers, also used as: Lo PIN.
- DAU Memory pointers, R1-R14 I POUT
- DAU Increment pointers, R15-R19 k. *
- SI0 DMA pointers, R20-R21 16{
65169.23 © 1986 ATA&T Technologies, Inc.

Notes




pSP32 MEMORY

e All instructions are 32 bits
e All memory is byte-addressable

¢ RAM and ROM can be used for either

- Program
- Or -
- Data

e Zero chip interface to standard
byte-wide memory chips

e No speed penalty for using off-chip memory

7$922.10 € 1987 ATAT YTechnologies, Inc.

Notes




SERIAL INTERFACE

e Separate transmit and receive ports
e Double buffering for back-to-back transfers
e 8-, 16-, or 32-bit data width modes available

e Data transfers using on-chip or external clock
- 12.5 Mb/s data rate with external clock
- 3.2 Mb/s data rate with on-chip clock

e Provides external control signals for:
- Direct TDM line interface
- Direct T7500 or T7520 CODEC interface

Zero chip interface to other DSP32’s

Allows for serlal DMA transfers
- Useful for muitichanne! applications

75922.11

Notes

32
D
b0 +—t—{osn o]
B
OEN
OCK = controL| |u
OlLD = > CIRCUITS
OSE = s
32
[[- T IBUF (32)
Dl et ISR (32)
ICK b CONTROL
ILD S——> CIRCUITS
SY @y 10C

*

€ 1987 ATAT Technologies, Inc.




PARALLEL INTERFACE

[ Microprocessor-like 8 -bit bidirectional Al |
paraliel port o
pwN ——{ | PAR(16) |00
e 9-pin control interface oOF —y— "
PG ——] | POR (16) ]
e Port aliows for both program and DMA PEN —*] —— 16
controlled data transiers o
PINT < PIR (16) [+
e PIO DMA allows: — X A
. Downloading an application program/uploading EMR (10) T
results without Interrupting another program in progress — X A
. Memory addresses can be auto-incremented PCR(8) |
- 2.3 Mbyte/sec ——
ESR (6)
e Error control logic PDBO.THb’ '
PABO- 2 aml)
PACK ——=1 |
78922.12 € 1987 ATAT Technologies, Inc.
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INTERFACING THE WE®DSP32

- Microcomputer
- External memory
- CODEC

- Multiprocessing

65169.31 © 1986 AT&T Technologles, Inc.
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TYPICAL MICROCOMPUTER INTERFACE

PI0 BUS

65169.32

Notes

© 1986 AT&T Technologies, Inc.




EXTERNAL MEMORY EXPANSION (32 K BYTES)

75922.14

Notes

WE* DSP32

MSNO
MSN1
MSN2
MSN3

MGN
MWN

5165P-70
ABO-12
(43
8K*8
E DBO-7
ABO-12 WE
DBO-31 ABO-12
s | <4umm
DB8-15
¢—
v | <=
ABO-12
S | <4um
¢ 5E DB16-23
*—iv: |G-
ABO-12
TS | <4
DB24-31
o OF
® WE | <=
€ 1987 ATAT Technologies, Inc.




CODEC INTERFACE

P10 DATA ANALOG
8
0o bR VFRO |—
ANALOG IN
P10 CONTROL Dl |e DX VFX| je—""
OCK B8CLK
ICK |e MCLK
WE* DSP32 17520
LINEAR
CODEC
sy FS
LD
oLD
CKl! |e=—
OSCILLATOR
c 1987 ATAY Technologies, inc.

75922.15
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PIi0 DATA

MULTIPROCESSING USING
SERIAL COMMUNICATION

<-\i>
9
P10 CONTROL

DO
OCK

oLD
ILD
D!
ICK

DSP32

sy

CKO
CKI

PI0 DATA

Dt
ICK

ILD
oLD
DO
OCK

sy

CKl

9
PI0 CONTROL

DSP32

65169.35

Notes

OSCILLATOR

©1986 ATAT Technologies, Inc.




WE® DSP32 INSTRUCTION SET

e Data arithmetic unit (DAU) instructions
- Multiply/accumulate
- Special functions

e Control arithmetic unit (CAU) instructions
- Arithmetic & logic
- Data move
- Control group

65169.38 © 1986 AT&T Technologies, Inc.
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WE® DSP32 DAU INSTRUCTIONS

65169.39

Notes

Mult/accumulate: [Z=] aN = aM + Y * X
[Z=] aN =Y + aM * X
aN=aM+(Z=Y)*X

Type conversions: [Z=] aN = function (Y)

where: '

aN, aM is one of the four 40-bit accumulators
X, Y, Z fields can be:

- Memory locations
- 1/0 registers
- Accumulators

[z=] indicates that the result is optionally sent to Z

© 1986 AT&T Technologies, Inc.




Example:

DAU MULTIPLY-ACCUMULATE GROUP

[Zz=] aN=aM+ Y=*X

xr54+4+ = a1l =a0 + *r7 **r10 ++ r17
</ v e M
Y

X

65169.40 © 1986 AT&T Technologles, inc.
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DSP32 CAU INSTRUCTIONS

ALU: rD=rD op(rS,N)
Control: if (cond) goto label
Call label (rm)
Return (rM)

Data Move: (mem,1/0 reg)=rS

rD=(mem, 1/0 reg)
where:
rD,rS,rM are selected from the 21 16-bit CAU registers,
rH is any of the 21 CAU registers or the pc register,
Nis a 16-bit operand contained in the 32-bit instruction.

75922.18 t 1988 ATA&T Technologies, Inc.

Notes




CAU INSTRUCTIONS

Examples:
rii =r11 &ri7
*r7++ =110
if(eq) goto r3+12

65169.42 © 1986 ATAT Technologies, Inc.
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FIR FILTER EXAMPLE

Y(n) = boX(n) + b1 X(n-1) + by X(n-2) + b3 X(n-3) + bs X(n-4)
X~ T T[T =T

V
bxg ),

Y(n)
Each time this FIR filter equation is computed:
® A new data sample is input via the SIO port

® The oldest sample is overwritten
® The filter output value is output via the SIO port

65169.45 © 1986 AT&T Technologies, inc.
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main:

wait:

FILTER EXAMPLE (cont.)

Code:

.rsect “ROM”
fjoc = 0x547
dauc =0

if (ibe) goto wait
r1 = data

r3 = data
r2 = coef
atl = ic (ibuf)

a0 = *rt+++ *r2++

a0 = a0+(*r3++ = *r1++) «*r2++
a0 = a0+(*r3++ = *r1++) +*r2++
a0 = a0+(*r3++ = *ri++) +*r2++
atl = a0+(*r3++ = al)»*r2++

goto wait
obuf = a1 = oc(al)

coef: bs,ba,b2,by,bo
rsect “RAM”

data:

65169.46

Notes

x(n-4), x(n-3), x(n-2), x(n-1)

Comments:

/*ROM code*/
/*Set the ioc and dauc*/
/*Control registers*/

/*Wait for new data sample*/
/ *Initialize*/

/ *Pointers*/
/*Input new data sample*/

/*by X(n-8)*/
/*a0 + by X(n-3)*/
/*a0 + by X(n-2)*/
/*a0 + by X(n-1)*/
/*a0 + bo X(n)*/

/ *Filter output*/

/*Put data in RAM*/

© 1886 AT&T Technologles, Inc.




DSP32 BENCHMARKS

Function @160ns @250ns  Units
® Complex FFT (includes bit reversal)
- 256 point 1.90 298 ms
- 1024 point 8.96 14.0 ms
® Filters
- FIR 160 250 ns/tap
- Adaptive FIR 320 500 ns/tap
= 5-Multiply lIR (SOS) 800 1250 ns
- 4-Muitiply IIR (SOS) 640 1000 ns
® Numeric processing
- Logarithm 3.1 4.8 us
- Divide 2,9 4.5 1S
- Matrix multiplication (2x2) x (2x2) 1.28 2.0 us
- Matrix multiplication (4x4) x (4x1) 2.56 4.00 us
= Matrix multiplication (4x4) x (4x4) 10.2 16.0 us
75922.19 € 1908 ATRT Technologies, Inc.
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DEVELOPMENT TOOLS
FOR THE WE® DSP32

55555555

Notes




APPLICATIONS DEVELOPMENT SUPPORT

® Text editor

e Assembler/Link
Editor

e Simulator

® Develpment system
operating under

Simulator control
65169.49

Notes

'

~ Assemble ~

Real-Time Oporation _
And In-Circuit Emulation

© 1986 ATAT Technologles, inc.




APPLICATION DEVELOPMENT

ENVIRONMENT

Users Terminai
or PC
(MS-DOS*)

.~

RS-232

VAIS

yg.m v

we® DSP32-DS DSP
Development System

M

User Target
System

Notes

LO"C Aﬂl',l.f * Rogutornd wosemen of B M s Corpare Sen

{Optional} « Rogired A o We Ovgrtel

75922.21
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DSP32 DEVELOPMENT SOFTWARE

® Runs on the UNIX® or MS-DOS* Operating Systems
® Assembler '

- High-level syntax

- C preprocessor
® C-Compiler

® Simulator
- Fast (1500 ins/s)
- Register and memory access
- Breakpoints
- Symbolic debugging
- User-defined functions
- 1/0 files

* Registersd trademark of the Microyoft Corporstion

75922.22 T 1988 ATAT Technologies, Inc.
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C-Compiler

e Full Kernighan and Ritchie specification

e Optimizer
- Speed or memory optimization

e Compatibility with DSP32-SL

- Allows linking of DSP32 source
or object code

75922.23 € 1987 ATAY Yechnologies, inc.
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WE® DSP32 ASSEMBLER EXAMPLE

Equation:
A(k) = A(k) + U* A(i) - v* A(i+1)

DSP32 syntax:

#defineir1

#define k r2
#define U a2
#define V a3

a0 = *k + U* *i++;
*k = a0 =aQ - V* *j.

65169.52 © 1986 ATAT Technologies, Inc.

Notes




WE® DSP32
DEVELOPMENT SYSTEM

e Full speed program and 1/ 0 interface debugging
e Display of registers and memory

e Software breakpoints

e Buffered 1/0 for in-circuit emulation

e Multiple DSP support

- Emulation capabilities for seven DSP32’s
by cascading the development systems

e Convenient size
e Controlled by the Simulator

. Can load and run the same program in both the
DSP32-DS and the Simulator, and automatically

compare the results

65169.57 © 1986 ATAT Technologles, Inc.
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The WE®DSP32C
Digital Signal Processor

22222222

Notes




DSP32C
Features

0.75 nm CMOS technology
80 ns (all instructions are single-cycle)
32-bit floating point format
Four memory accesses per instruction
Four 40-bit accumulators
On-chip memory

- Three banks of 512x32 RAM

. OR Two banks of 512x32 RAM with 2Kx32 ROM
e 16M bytes external memory
e 24-bit uP like operations
e Low overhead looping
e 16-bit parallel port
.
[ ]
[
[

16M bit/s serial port
Bit reversed addressing
IEEE conversion (single-cycle)

133-pin PGA
75922.28 ¢ 1987 AT&T Technologies, inc.
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DSP32C BLOCK DIAGRAM

ADDRESS “’mz
”Mo P ROMD RAM2 RAM T RAMD
e | LLLIFE
PIO [P
PIR (16}
_.' PCR (11} aoM on  haw RAM nam S
bod [ EMR (10) 2008 x 32 $12x32 s11x32 s12x232
s ESR (8) CAu
:C:l::l) ALU 1424
PIOP (3)
’C(Il)
L7 g A LAR 3T 24
EMi L RN T el
Il LITRITY)
U e
o-ad 320 DAY 22) T (20
e | XTTTED CowtaoL an aadil]
sem | - fvre e
[+ onl] FiENe
$i0 [o8UF (3] MULTIPLER
b | BT — 1
(a9
AY
i
] adoen
J (40)
unry

75922.29 € 1988 ATAT Technologies, inc.
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DSP32C
DATA ARITHMETIC UNIT (DAU)

e Executes 12.5 million instructions per second
- Instructions have the form a=b+c*d .

- Each instruction includes two floating point
operations .

- inputs are 32-bit floating-point numbers
with 24-bit mantissa and 8-bit exponent 32 F';P
o Multiplier and adder input sources:
- Memory
- Accumulators (AO-A3)
- S10 Register

e Multiplier and adder operate in paraliel FLP
e Adder is 40-bits wide +

e Accumulators maintain eight guard bits .
for extra precision 40

e Data type conversions performed in DAU
- Floating point to-and-from integer (16 or 24 bits)

- Floating point to-and-from p-law and A-law
- Floating point to-and-from 8 bit linear
- Floating point to-and-from IEEE
75922.30
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CONTROL ARITHMETIC UNIT (CAU)

e Generates and modifies addresses CAU
e Executes microprocessor-like instructions 2
on 16- or 24-bit data: 24
- 2’s complement fixed-point arithmetic ALU
- Logic operations
- Conditional branches f f
- Conditional ALU operations '
- Data moves between memory or1/0 PC
registers and any of the CAU registers R1-R19
e Contains twenty-two 16-bit general-purpose P';IST
static registers, also used as: IVTP
- DAU Memory pointers, R1-R14
- DAU Increment pointers, R15-R19 24~t L
- SI0 DMA pointers, R20-R21 '
- IVTP R22
78922.31 € 1987 ATAT Technologies, inc.
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DSP32C
Memory

e On-chip RAM 1.5K words

e Or 1K words of RAM with on-chip ROM
e On-chip ROM 2K words

e 16M bytes external memory

e All memory is byte addressable

e Wait states for slower memory

- A wait state is one quarter instruction
cycle (0, 1, 2, or 3 waits)
- Synchronous ready

e Bus arbitration logic (Bus Request/
Request Acknowledge)

75922.32 € 1988 AT&T Technologies, inc.
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DSP32C

Memory Map
® Two independent external speed partitions
0x000000
External Memory A
- 6 Mbytes -
® 0,1, 2, or 3 wait states
- Or -
OXSFFFFF | o Synchronous ready
0x600000 External Memory B
- 10 Mbytes -
® 0,1, 2, or 3 wait states
- Or -
OXFFDFFF | o Synchronous ready
OxFFE000 int M
0xFEFFFF nternal Memory

75922.78 € 1988 ATAY Technologies, Inc.
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DSP32C
Input/Output

e DMA, interrupt driven, and programmed I/O
e Software configurable (reduces glue logic)

e Seriall/O
- 16M bits/second
- 8, 16, 24, or 32-bit transfers
- Zero glue logic to codes, TDMs, and other DSPs

e Parallel 1/0
- 8 or 16-bit parallel port
- Microprocessor interface

75922.33 € 1988 AT&T Technologies, Inc.
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DSP32C

Interrupts

® 8 Vectored interrupts
- Two external pins
- SIO read or write
- PIO read or write
- DAU overflow or underflow

75922.34 € 1987 ATLT Technologies, Inc.

Notes




DSP32C
(Interrupt Vector Table)

+———32 Bits ——

R22 >

0
__________ — :. Ext Interrupt Pin 1

’
e - ———— — :,2 P10 Input Buffer Full

6
e = = = — e —— — - :;, P10 Output Buffer Empty

+24

—————————— — .23 S!0 input Buffer Full

32
___________ 3¢ SIO Output Buffer Empty

+40
——————————— +a¢ ExtInterrupt Pin 2 .
+48

——————————— +s2 DAU Underflow

+56
——————————— +s0 DAU Overflow

75922.79 € 1988 AT&T Technologies, inc.
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DSP32C
(Quick Interrupt Example)

+——32 Bits ————

R22 —

+0

——————————— +« ExtlInterrupt Pin 1

8
e ——— ~{ +12 PIO Input Buffer Ful

__________ —{ 120 PIO Output Butfer Empty

* ++ =i +24
LT 1 510 Input Butter Ful

32
——————————— :,, SI10 Output Buffer Empty

+40
——————————— +4s Extinterrupt Pin 2 -

+48
——————————— +52 DAU Underflow

+56
__________ +¢0 DAU Overflow

75922.80 © 1988 ATAT Technologies, Inc.
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DSP32C INSTRUCTION SET

e Data arithmetic unit (DAU) instructions
- Multiply/accumulate
- Special functions

e Control arithmetic unit (CAU) instructions
- Arithmetic & logic
- Data move
- Control group

75922.35 € 1987 ATAT Technologies, Inc.
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DSP32C

DAU Instructions
Multiply / Accumulate

[Z=] aN = aM + Y *
aN=aM+(Z=Y)*x
aN = (Z=Y) + X

Special Functions

[2=] aN = Function (Y)

Where:
aN,aM = One of the four accumulators,
X,Y,Z = Memory, I/0 register, or accumulator,

[Z=] Is an optional field,
75922.38 C 1988 ATATY Technologles, Inc.

Notes




DSP32C

CAU Instructions

Arithmetic and Logical

Examples: ri=r2 &r3

if(eq)r1=r2 &r3
rile=r1#r2

Conditional branch
Example: if (ibf) goto r1

Looping (low overhead)

Example: do 71 |

a0 = a0 + *r1+++*r2
)

75922.37 € 1988 ATLT Technologies, inc.
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DSP32C

Benchmarks
Benchmark DSP32 DsP32C Units
FIR 160 80 ns
AFIR 320 160 ns
SOS 800 400 ns
Lattice 320 160 ns
Mat. Mpy (3x3)(3x1) 1440 720 ns
256pt Window 40 20 WS
1024pt FFT 8.96 3.3 ms

75922.38 € 1988 ATaT Technologies, Inc.
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DSP32C
Development Support

e Assembler, linker, and simulator (UNIX ® and MS-DOS*)
e Hardware development system
- PC environment (plug-in card)
- In-circuit emulation (ICE)
- Real-time development
C Compiler
Application library
Application guide
Third party support
- Atlanta Signal Processors, Inc (ASPI)
- Burr-Brown
- CAC
e University program
* Registered trademark of Microsoft Corp.

75822.39 © 1988 ATAT Technologies, Inc.
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AT&T
PRESENTS

THE WE®DSP16
DIGITAL SIGNAL PROCESSOR
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A
AN

= Alsal
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TECHNICAL SEMINAR

65169.61 ©1986 AT&T Technologies, Inc.

Notes




WE® DSP16

¢ Features ¢ Instruction set
- Technology . Multiply / accumulate
- Architecture - ALV
- Instruction set - Data move
e Architecture ) (S:ontr‘ol| f .
. Functional diagram ) cpef‘ al functions
. Data arithmetic unit - Cache
. X address arithmetic unit e Addressing modes
. Y address arithmetic unit - Immediate
- Memory - Indirect
. Instruction cache - Compound
. Serial interface - Modulo
- Multiprocessor mode e Interrupts
- Parallel 1/0 ¢ Program example
el/O interfacing ° Benchmarks
- Microcomputer
. External program memory
- External data memory
- Codec
- Multiprocessing
65169.62 ©1986 ATAT Technologies, Inc.
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DSP16 FEATURES
Technology

® 1.0 micron CMOS
® 140,000 transistors
e Chip area - 56 square mm

® Available in two packages:
- 84-pin plastic leaded chip carrier
- 84-pin ceramic PGA

® 26.6 MHz clock (75ns instruction cycle)

® 36.3 MHz clock (55ns instruction cycle)

® 350 milliwatts @ 75ns (worst case)

® 250 milliwatts @ 75ns (typical)

® Single +5 volt supply C 1987 ATAT Technologies, Inc.




ABOO-AB1S

cKi!
CKO
RsTR
EXMB

RBOO-RB15

INT
IACK

PB00-PB1S
PSEL

PIDS

PODS

65169.66

Notes

P4l

Control

CACHE
16x16

External ROM Data Bus (16}

RAOM
2048x16

[T}
3 i s
DAV
18318 WY
[XELD
o2 ¢
-y
[& )
[ Cs ]
KN
v | s |
LB
W )
AAM
$12x18

XAAU

© 1986 AT&T Technologies, Inc.




DATA ARITHMETIC

UNIT (DAU)

ROM Data Bus {18)

® Two's complement arithmetic

® 16x16 multiplier with 32-bit product

¢ 18.2 million mulliply /accumulales per second
® Two 36-bit general purpose accumulators

® Full precision load and store of accumulators
in 16-bit words

® Programmable product alignment

¢ Operands to the multiplier come from
memory or an accumulator

¢ Programmable saturation on overflow
® ALU for arithmetic and logical operations
- Operations on 16-bit or 32-bit data

- ALU operation results can be tested
for branching

75922.45

[ nternsi Data Bus (16)
"4" 154 16
y 1 DAV
x(1€ rcrer fyiirs)]
18x 186 MPY

p{32)

co

C1

C2
AUC
PSW

[ ]

1‘1’ 1L

internat Data Bus (16)
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X ADDRESS ARITHMETIC UNIT (XAAU)

Address Bus

e Calculates addresses to ROM

e XAAU contains five registers:
- Program count (pc)

- Pointer for ROM look-up table (pt)

- User defined post-increment register (i)
- Return address for subroutines (pr)

- Return address for interrupts (pi)

e Nested subroutine (store pr instruction)

Internal Data Bus

65169.69 © 1986 AT&T Technologies, Inc.
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Y ADDRESS ARITHMETIC UNIT (YAAU)

Internal Data Bus
® Calculates addresses to RAM

® Four address registers:

- Used to read and write RAM YAAU
without restriction B N )
- Registers (rb, re) to support e WYY
modulo addressing L e
- Two programmable two’s complement b oo
Post modify registers n ST \ADDER (9
- Fixed post modifications of +1, -1, d 3 B (9
are available RAM #CMP‘ —SMixZ
Address [ | —— = . ©
1 ‘ ri(s :
N Y]
e r3 (9
65169.70 © 1986 ATAT Technologles, Inc.
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MEMORY

e On-chip ROM 2048x16

- Instructions (16 -bits) o 16-bits —]

- Coefficients (16-bits) 0x0000 —

- Mask-programmable (on second level metal) On-chip ROM
e On-chip RAM 512x16 OxO7FF Externsl memory®

- Data storage 0x0800

- Static (no refreshing)

e Instruction cache (15x16)
e Program memory expandable off-chip to 64Kx16
e Full speed prototyping with 45ns memories

External memory

External memory

OxFFFF :
*According 10EXM pin
DSP16 Memory Map
65169.71 © 1986 ATAT Technologies, Inc.
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SERIAL1/0

® 10 Mbits/sec maximum data rate ICK ] §10 16 FT'
OCK *+—pl ibuf (16 ae B
® Full duplex 16 e
® Independent 1/0 clocks u.l: lsr (16 n
i 8
® Double-buffered for back-to-back transfers OLD <————s. obuTTTE 16, ;
® Multiprocessor mode (zero chip interface 16
up 10 8 WE" DSP16s) PO ~——1—{"osr (757 i
®1/0 configurable through software IBF -——o [CSiciis ::,' 8
. I3 A
® Zero chip interface to: OSE [_srfa (i6) ] 67, |
SYNC <——s tdms (1 - v a
- Codecs SADD . (16
- DSP devices (e.g. WE DSP16, W Dsp32)  DOEN

- Time Division Multiplexed channels (TDM)

65169.73 ©1986 ATET Technologies, Inc.
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'PARALLEL 1/0

e 16-bit/8-bit interface to communicate with:
- Microprocessors
- Other DSP16’s
- Peripheral 1/0 devices
e Data rates up to 145 Mbits/sec
e Configure for internal and external modes
e Transmit and receive 8 -bits simultaneously
e Input 16-bits and output 16-bits
e Directly address two devices

INT PIO |

IACK et "‘

16 16 16, 1o

PD00-PD1S =7t 74 pdx in (16) 4 ,
n

[

|

16 18 D

74 pdx out (16) o

s

PSEL @rammmammeent TYYE 15’ l.‘

78922.47 L‘_‘_ € 1987 ATAT Technologies, Inc.
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INTERFACING TO THE WE® DSP 16

® Microcomputer

¢ External program memory
® External data memory

® Codec

® Multiprocessing

65169.78 ©1986 AT&T Technologles, Inc.
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WE® SIO MULTIPROCESSOR
CONFIGURATION

WE DSP16 WEDSP16| o o o | WEDSP16
-0 1. SR A
iuau CK ADD SYN ATA CK ADD SYN DATA CX ADD SYN
WE DSP16 - - - ]
Ol DO ICK OCK ID DOLD IBF OBE SADDSYNC
i | | )
I I NC NC NC NC | |
65169.82 DATA cx ADD SYN @ 1986 AT&T Technologles, Inc.
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MULTIPROCESSOR /0 EXAMPLE
Registers:

Bit AR ° ]
Field syne ,m © . Transmit Siot Tl ,

Time Division Multiplex Siot (TOMS)

Bit 1514131211109:]7:sasato|

Serial Receive/ Transmit Address (SRTA)

65169.83 © 1986 ATRT Technoiogies, Inc.
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MULTIPROCESSOR 1/0 EXAMPLE

Time Slot Number

ceelol el

tdms=02104
sria=0x0420

}

sria=0x2000
*0+ +=s0x

0
1
e
8 2
g
Z 3 srta=0x0800
o 0+ +msdx
71
o4
5
6
1dms=0x101
7 srtax=0x8008
sdx=*10++
75922.52

Notes

1dms=0x120

7| oo

sria=0x0 11!

sda=eri++

srtia=0x0200

sria=0x0400

80=sdXx
srta=020800]

s0=sdx

sria=0x1000

sria=0x4000

sria=028000]

s0=sdx

¢ 1987 ATAT Technologies, inc.




WE®DSP 16 MULTIPROCESSOR
1/0 Programming

intrpt:

start:

65169.85

Notes

goto start;
*r1++ = sdx;
goto pi;

tdms = 0x101;

srta = 0x0102;
sdx = *r0++;

srta = 0x0104;
sdx = *r0++;

© 1966 ATAT Technologles, Inc.




WE® DSP16 INSTRUCTION SET

e Multiply/Accumulate
o ALU

e Data move

e Control

e Special functions

e Cache

65169.88 © 1986 ATA&T Technologles, Inc.
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Notes

WE®DSP16 INSTRUCTIONS

Multiply / Accumulate
Function Transfer
Nothing Nothing
aD=p yll=vy
aDb=aS +p x=Y
aD=aS-p aTlij =Y
P =xy \
aD=p P = x*y Y= aT{l]
aD=aS+p p=xty Y=yl
ab=aS-p P = x*y y=aT x=X
y=Y x=X
Z:y x=X
Z:y[l{
Z:aT l]

Where:

aD,aS,aT - Is one of two DAU accumulators

X - pointer to ROM (*pt++, *pt++1))

Y - pointer to RAM (*rM, *IM++, *rM- -, *rtM++j)

Z - read/write compound addressing (*rMzp, *rMpz,

*tMm2, *rMjk)

© 1986 AT&T Technologies, Inc.




WE®DSP16 INSTRUCTIONS
Multiply / Accumulate

Example:
aD=aS+p p=x*y

a0=a0+p Pp=x*y
a0=a0+p p=x*y
a0 =a0 +p

65169.90

Notes

y=Y x =X

y=*rt++ x=*pt++

© 1986 ATAT Technologies, Inc.




65169.91

Notes

WE®DSP16 INSTRUCTIONS

Where:

ALU

Function Transfer
Nothing Nothing
aD=y ylj=v
aD=aS+y x=Y
aD=aS-y aTll] = Y
aS=aSay Y
aD=aS|y Y=aT{l]
aD = aS "y Y=y
as -y y=aT x=X
aS &y y=Y x=X
Z:y x=X
Z: y[l]’
Z:aTll]

aD,aS,aT - is one of two DAU accumulators
X - pointer to ROM (*Pt++, *pt++i)
Y - pointer to RAM (*rM, *rM++, *tM- -, *rM++j)
Z - read/write compound addressing (*rMzp, *rMpz,
**rMm2, *rMjk)
©1986 ATAT Technologies, inc.




WE®DSP16 INSTRUCTIONS
Data Move

REG = IMMEDIATE
REG=Y

REG = aT

aT = REG

Y = REG

Z : REG

Where:
REG - DAU registers (x, y, auc, psw, c0-2)
XAAU registers (pt, pr, i)
YAAU registers (r0-r3, rb, re, j, k)
SI0 registers (sioc, sdx, tdms, srta)
PIO registers (ploc, pdx0, pdx1)
aT - One of two accumulators
Y - RAM pointers (*rM, *M++, *rM- -, *rM++]))
Z - Compound addressing (*rMzp, *rMpz, *rMm2, *rMjk)

65169.92 © 1986 ATA&T Technologles, Inc.
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Notes

WE® DSP16 INSTRUCTIONS

Control
goto ADDRESS if COND goto ADDRESS
goto pointer if COND goto pointer
call ADDRESS if COND call ADDRESS
call pointer if COND call pointer
return if COND return
icall
ireturn
Where:

COND - mi, pl, gt, le, Ivs, mvs, mvc,
cOge, cOIt, c1ge, c1lt, heads, tails
true, false

© 1986 ATAT Technologies, Inc.




WE®DSP16 INSTRUCTIONS
Special Functions

aD=asS >> 1
aD=aS >> 4
aD=aS >> 8
aD=a$ >> 16
aD=aS
aD=-a$
aD=rnd(aS)
aD=aS+1
aDh=aSh+1
aD=y

aD=p
aD=aS << 1
aD=aS << 4
aD=2aS << 8
aD=as << 16

The above instructions can be conditionally executed:

It COND aD = F(aS);

and with an event counter:

ifc COND aD = F(aS)

which executes as:

if (COND) (c1++;aD=F(aS);c2=c1}else fc1++)

65169.94 © 1986 ATAT Technologies, Inc.
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WE® DSP16 INSTRUCTIONS
Cache Instructions

dok
instr1
instr2
} instrN
redo K
Where:
N=1-15
K=1-127

65169.95 © 1986 ATAT Technologles, Inc.
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ADDRESSING MODES

e Immediate addressing
e Indirect addressing
e Compound addressing

e Modulo addressing

65169.96 © 1986 AT&T Technologies, inc.
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ADDRESSING MODE
Immediate

- An operand is supplied by the instruction

- This mode applies to the data move group
and control group

For Example:
REG=IMMEDIATE
X =256

This instruction moves the immediate
value 256 into the x register

65169.97 © 1886 ATAT Technologies, Inc.
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ADDRESSING MODE
Indirect

e The instruction specifies the register that
contains the address of the operand

For Example:
x = {*pt++, *pt++i}
y = (*rM, *M++, *rM--, *rM++]}

Note: M=0-3
X = *pt++

In this instruction, the register pt holds

the address of the operand to be moved

into the x register.

The address is then post incremented by one.

65169.98 © 1986 AT&T Technologles, inc.
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ADDRESSING MODE
Compound

- This mode allows the contents of a RAM location
and a register value to be exchanged

Operation
Z:R Step 1 Step2 Step3
*rMzp:R | temp=R R=*rM *rM++=temp
**fMpz:R | temp=R R=*M++ *rM=temp
**Mm2:R | temp=R R=*rM-- *M++2=temp
*rMjk:R temp=R R=*rM++] *M++k=temp

65169.99 © 1986 AT&T Technologies, inc.
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INTERRUPTS

e Hardware Interrupt

- When the interrupt request (INT) pin is asserted, the
WE®DSP 16 will branch to the interrupt service routine

- The WEDSP 16 will acknowledge the interrupt by
asserting the interrupt acknowledge pin (IACK)

- The IACK pin will be negated when the interrupt is
complete (ireturn)

- This interrupt can be masked by setting the pioc
register (bit 5)

65169.100 © 1986 AT&T Technologles, Inc.
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INTERRUPTS

® Internal Hardware Interrupts

- Interrupt when an external device writes to the
parallel port (passive mode)

- Interrupt when an external device reads from the
parallel port (passive mode)

- Interrupt when an external device reads from the
serial port (passive mode)

- Interrupt when an external device writes to the
serial port (passive mode)

® These interrupts can be masked by setting pioc
register (bits 6-9)

65169.101 © 1986 ATAT Technologles, Inc.
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51 TAP FIR FILTER

x(n-1) x(n-2) x(n-3) x(n-4) x(n-49) x(n-50)
x(n) r z' z' Z' e 27 r
h(0) h(1) h2) h(3) n4) h{49) M50)
y(n)
75922.63 € 1907 ATAT Technologies, inc.
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WE®DSP 16 FIR FILTER DESIGN EXAMPLE

ram
X50: 49%nt
X1: int
Ibuf: inl
.endram

fir50: auc=0x02

loop:
do 49 (
endl: goto
"
H50: int
int
int
L]
L]
.
65169.103 .

Notes

pt=H50
i=-50
rb=X50
re=X1
r1=X50
r0=ibuf

*r0=sdx

a0=p y='ri++4
20=30-p =x'y y=*r1++
y=°r0

p
80=2a0-.p p=xty
p=x‘y ‘ri44zy

20=230-p
20=230-p
sdx=a0
loop

Coefticients from h{n-50) to h(n)
0.000545

0.000000
-0.000641

x='pt++
A='pt++

X='pl4+ +]j

v/

©1986 AT&T Technologies. Inc.




DSP16 RAM MEMORY MAP
FOR 51 TAP FIR FILTER

Label RAM Contents

location (16 bit vaiues)
X50 00 Tap value
o1 Tap value
02 Tap value
03 Tap value
48 . Tap value
X1 49 Tap value

ibuf 50 New sample

78922.65 ¢ 1987 ATAT Technologies, inc.
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DSP16 BENCHMARKS

@55ns @75 ns Units

FIR Filter 55 75 ns/tap

64 tap FIR Filter (with 1/0) 233 171 KHZ (Sample Rate)
5-Muitiply lIR Filter (SOS) 385 525 ns/Section

10th Order lIR (with 1/0) 343 251 KHZ

Adaptive Filter
(32 bit coetficients) 385 525 ns/tap

64 tap Complex FIR (with1/0) 52.7 38.6 KHZ

75922.68 © 1907 ATAT Technoiogies, inc.
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The WE°DSP16A
Digital Signal Processor

Notes




DSP16A

® Source and object code compatible with DSP 16

® Two speed versions
- 25ns instruction cycle
- 35ns instruction cycle

® 2K word on-chip RAM

® 4K word on-chip ROM

® .75, double metal CMOS
® Samples July 1988

75922.82 € 1988 ATAT Technotogies, Inc.
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DSP16A BENCHMARKS

@ 25 ns @35 ns Units
FIR filter 25 55 ns/tap
64 Tap FIR filter 512 366 kHz
(with 1/0) (Sample rate)
10th Order lIR filter 755 539 kHz
(with 1/0)
64 Tap complex FIR 115.9 82.8 kHz
(with 1/0)

75922.83 € 1988 ATAT Technoiogies, inc.
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DEVELOPMENT TOOLS
FOR THE WE® DSP16

666666666

Notes




APPLICATIONS DEVELOPMENT

SUPPORT
e Text editor Write Program
| —— | I ]
e Assembler | Assemble I
I I
| 1 |
e Simulator I Simulate |
e _t_ _____ —
e Development system | Real-time operation
operating under and in-circuit
simulator control emulation

65169.107 © 1986 AT&T Technologies, inc.
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APPLICATION DEVELOPMENT
ENVIRONMENT

Users Terminal YMs-
or PC
(M5-DOS*)
RS-232
0“«
wE' DSP16.DS DSP K3
Development Sysiem °*
e
Bresk Point
Trigger
User Target
System
Logic Ansiyzer . .
75822.68 {Optional) + Roguisnsd Bossmnn of B Dipist Loupmne Coversns & 1987 ATET Technologies, inc.
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WE®DSP16-SL
SUPPORT SOFTWARE LIBRARY

e WEDSP 16 Assembler
e WEDSP 16 Simulator
e UNIX® MS-DOS,* or VMS™ Operating Systems

* Registered trademark of the Microsoft Corporation
+ Registered trademart of the Digitsl Equipment Corporstion

75922.89 © 1987 ATAT Technologies, Inc.
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Notes

WE® DSP16 ASSEMBLER

® Define labels
® Define tables
¢ Interactive assembly

© 1986 ATAT Technologies, Inc.




WE® DSP16 SIMULATOR

e Set breakpoints
e Display registers and memory
e 1/0 files

e Comand files
e Change values in registers and memory
e User defined functions

e Single step

e Disassemble instructions

65169.111 © 1986 ATA&T Technologles, Inc.
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'DSP16-DS DEVELOPMENT SYSTEM

78922.72

Notes

Features

® Real-time development of application program

e Simulator provides user interface to development
system

® In-circuit 1/0 emulation
® Hardware and software breakpoints

® Examine and change the contents of memory and
registers

® 16K words of external program memory provided
(expandable to 64K in 16K blocks)

® 16K words of external data memory provided
(expandable to 64K in 16K blocks)

e Simulator accelerator
® Logic analyzer Interface
® Single step function

® Multiple DSP16's supported (up to 16)
€ 1907 AT&T Technologies, inc.




WE®DSP16-DS DEVELOPMENT SYSTEM
1/0 Interfacing

e Analog /O interface
- mu-law codec
- Linear codec

e Serial 1/0
- In-circuit emulation (target system)
- Codecs
- 1/0 files (simulator accelerator)

e Parallel 1/0
- In-circuit emulation (target system)
- RAM on development system

e Serial RS-232 Interface

e High speed parallel interface, 100k bytes/sec
(with a PC host system)

65169.113 © 1986 AT&T Technologies, Inc.
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WE® DSP16-DS
DEVELOPMENT SYSTEM

Simulator Accelerator

® Allows for algorithm development with hardware

® Real-time 1/0 from host system files
= Input from files on host system
- Capture and store real-time data
- Output to files on host system
- Analog output with stored input files

65169.114 © 1986 ATAT Technologies, inc.
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REVIEW

e Support

e Future directions

75922.78 C 1887 ATAT Technologies, Inc.
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SUPPORT

® Documentation

® Application notes

® Application library

® Training

® Technical support
- Regional technical consultants
- Product application engineers
- Bell Labs designers

65169.118 © 1986 ATAT Technologles, Inc.
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SUPPORT

e 3rd party
- ASPI
- Burr Brown
- CAC

75922.7¢

Notes
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FUTURE DIRECTIONS

® MIL-STD-883
DSP16 1988
DSP32 1989

78922.77 C 1987 ATaY Technologies, inc.
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DSP56000/1 INTRODUCTION
* PRODUCT OVERVIEW

* 4“25ENERATION Digital Signal Processor

* GENERAL PURPOSE [user programmable]
— DSP56000 = ROM based version
— DSP56001 = RAM based version

* SPEED:
_ 97.5 nsec Instruction Cycle Time (10.25 MIPS)

* PRECISION:
— 24x24 +56 — — >Two 56 —Bit Accumulators

* INTEGRATION:

— Core Processor has Three Parallel Execution Units
— Five(000) / Six(001) On—Chip Memories

— Three MCU — Style Peripherals On-Chip

— Full Speed Memory Expansion

* TECHNOLOGY:

— 1.5u, 2 Layer Metal, HCMOS lil Process
— 285K Transistors on a 445x 432 mil. Die

* POWER DISSIPATION:
— 500 mW Typical @ 20.5 MHz.

* PACKAGING:
— 88 Pin Pin Grid Array & Surface Mount

* SAMPLES:
- Now
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DSP56000/1 INSTRUCTION SET

* PARALLEL DATA MOVES

- * SYNTAX:
- Opcode Operands X Bus Data Y Bus Data
MAC X0,Y0,A | X:(RO) +,X0 Y:(R4) +,Y0
I 3 '
Specifies: - Specifies:
* Data ALU Operation * Optional Data Transfers
* Logical Operation * Addressing Modes

* Address Space Qualifiers [X:,Y:, L]

* OBJECT CODE FORMAT:

23 8 7 0
Data Bus Movement ) Opcode
- LI L] ] )X x x| xIx]x
Optional:
- 24 - Bit Immediate Data or 24 —-Bit Absolute Address

- H,@ MOTOROL A mxmmm DIGITAL SIGNAL PROCESSORS



MOTOROLA DSP56001

[+ BLOCK DIAGRAM

PORT A
MEMORY
EXPANSION
BUS

YAB Ext |
ADDRESS YAB ernal) address
Address
PORT AR'THME"C PAﬂi Bus _f-» W
Bor | UNIT Aav) e—peg t 1 1 ' ¥ switch | '°
| = Bootstrap| | Program )F(‘r;mory ;x’:"‘ow
15 |on-Chip ROM RAM
N -— 256 x24 |(256x24 | |Bus 7
Peripherals: 32x 24 512x 24 u/A ROM Sine ROM WA
9: Host, SSl, 256 x 24 256 x 24 Controller
scl, PI/O
PéRT YDB
C &/or| |nternal Data External | pata
SSl, | Bus Switch XDB Data Bus <
SCl | And Bit PDB Switch g
Manipulation 24
Unit GDB
 Program | L'b}bgriﬁf, 'Program | | | DATA ALU
'Address wDecode .«hlnlerrupt i .
Clock ' Generatof ' Conlrollem ] Controllen 24x24 + 56— 56 Bit MAC
\énerator SOGRAM CONTROLLER] | | ||Twe 56 Bit Accumulators
‘ I XTAL \ __‘)BOB / MODB - 16 Bits
EXTAL IRQA / MODA _
RESET e 24 Bits

AL\ camT A PR T DIGITAL SIGNAL PROCESSORS ot
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DSP56001 MEMORY MAP

$01FF

$003F
$0000

$003F
$0026

PROGRAM

MEMORY SPACE

Interrupt Map

Host
Commands

$0000

HOST Interrupts
SClI Interrupts
SSl Interrupts
Ext. Interrupts
SWI Interrupt
Trace Interrupt
Stack Interrupt

Reset

X DATA

MEMORY SPACE

$FFFF
$FFCO

Peripherals

On —Chip

$FFBF

* MODE 0:NORMAL EXPANDED & INTERNAL RESET

Y DATA

MEMORY SPACE

$FFFF
$FFCo

ﬁﬁﬁlﬂ

757
y I Ysbr e

$FFBF[

// /////
$O1FF +A—Law/Lin $01FF Full ;
DE=177" Sine—Wave
SO17F +Mu—Law/Lin |« Table
$OOFF $0OFF 5
Internal Internal F
soooo | X RAM soooo| Y RAM
On - Chip
Peripheral Map Note-
F t iori
T e camtpat” ™ | Addresses sFFco
SCl Interface through $FFFF in
SSl Interface X Data Memory are
HOST Interface NOT available
$FFEo| PI/O Interface externally.
DE = Data ROM
Enable (Operating
$FFCO Reserved Mode Register Bit 2)
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DSP56001 MEMORY MAP

* MODE 2:NORMAL EXPANDED & EXTERNAL RESETi _

PROGRAM X DATA Y DATA
MEMORY SPACE MEMORY SPACE MEMORY SPACE
$FFFF $FFFF| On - Chip “ 7
Peripherals /ra ' -
$FFCO P i et ﬁ

$E000!

sren 7%
==

2

$01FF $O01FF +A—Lawj/Lin \301 FF EFull 1|
Program DE=1T1" Sine—Wave |
RAM $017F +Mu—Law/Lin Table |
$00FF $OOFF |
|
$003F Internal Internal |
. Interrupts . X RAM o Y RAM |
On—Chip
Interrupt Map Peripheral Map Note: )
$003F [ Host $FFFF| Interrupt Priority Addresses $FFCO
$0026 | Commands Bus Control th h $FFEF i
SCl Interface roug in
HOST Interrupts X Data Memory are
SCI Interrupts SSl Interface NOT available _
SSi Interrupts HOST Interface externally.
Ext. Interrupts $FFEO| PY/O Interface
SWI Interrupt DE = Data ROM -
Trace Interrupt Enable (Ogeratlng
Stack Interrupt Reserved Mode Register Bit 2)
$£0000 | Host Command $FFCO )

-,@ MOTOROLA e=mxm DIGITAL SIGNAL PROCESSORS &2



DSP56001 MEMORY MAP

[* MODE 3: EXTERNAL PROGRAM MEMORY]

$FFFF

$01FF

PROGRAM

MEMORY SPACE

Z

\
1

N
N

(erripts
sooo0 L0

$003F
$0026

Interrupt Map

Host
Commands

$0000

HOST Interrupts
SCl Interrupts
SSl Interrupts
Ext. Interrupts
SWI Interrupt
Trace Interrupt
Stack Interrupt
Reset

ME

X DATA
MORY SPACE

$FFFF
$FFCO

Peripherals

On - Chip

SFFBF;ZV;/// SFFBF [
=

$FFFF %

$FFCo

$00FF
Internal
X RAM
$0000
On - Chip
Peripheral Map
$FFFF| Interrupt Priority
Bus Control
SCl Interface
SSl Interface
HOST Interface
$FFEOQ! Pl/O Interface
Reserved
$FFCQO

Y DATA
MEMORY SPACE

dernal
it //e/ral%

/I

Internal
Y RAM

Note:

Addresses $FFCO
through $FFFF in
X Data Memory are
NOT available
externally.

DE = Data ROM
Enable (Operating
Mode Register Bit 2).
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MOTOROLA DSP56000 oA

MEMORY
» BLOCK DIAGRAM | | EXPANSION
YAB
ADDRESS XAB — i’;‘:’"“' Address
PORT| ARITHMETIC PAB _ ., Bus"’ss-—» D
EI(());T UNIT (AAU) s ~1 | j! Y ¥ Switch
ey
\ Program X Memory | | Y Memory
15 (o ch AOM RAM RAM
= e oh P T 75 K x 24 256 x24 ||256x24 | |gys 7
ripherals: ] ROM ROM e
9 HOS‘, SS', Lgss x 24 256 x 24 Conltoller
.po7' m’ scl, PI/O
YDB
C &/or| |pternal Data External | 040
§SI » | Bus Switch XDB Data Bus
Cl | And Bit PDB switch [
Manipulation
Unit GDB

= e e— (e —— ¥
g 'Program | -Program : Program : DATA ALU
5 i Address wDecode n-»-lnterrupt . ]
. Clock ' 'Generaton 'Controllen -Conlroller 24x24 + 56— 56 Bit MAC
g  [Clock | fRoooeot oo M ; .
ig,f.-;.’ Generator PROGRAM CONTROLLER 1 1" | | Two 56 Bit Accumulators
(B e
‘ l XTAL ‘ ~ 'IRQB / MODB — 16 Bits
EXTAL IRQA / MODA
exmxve 24 Bits

RESET

m ICITA' SIGNAL PRO[FSSNRS P
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MOTOROLA DSP56000/1

[* FUNCTIONAL SIGNAL GROUPS

Address
Data

Bus
Control

MRDY
MRDS <«——

- fm MOTOROLA

AO—A15 L . |
D0 - D23 demep

(

s <
DS
RD «
WR <
X/ <
e

BG «

Host Control
Host Data |
Bus l I
~
Jv: 'E o |x
o o b 'S}
: 33X ¥E)ElE)
R y (| RXD
. sk ) Serial
h———— SCO0 O\
— Port A PortC— h———— SCH1
t————» SC2 | SSi
| » SCK Serial
R DSP56000/1 SRD
j [88 PNS ] | . 51D
3 b8.2,
w Q - w
6 8 £ & 89895
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{ ( { | ( [

PORT A
- MEMORY
[* DATA ALU EXPANSION
BUS
YAB
| ADDRESS XAB —|External| ) 4 iress
ARITHMETIC DAB —¥ Addressl__, "
PORT . T -» Bus
Bor |UNIT(AAU) oL, } l ! ' | Switch
HOSTL. . Bootstrap| | Program )F:Rﬂ,:mory ;xsmow
.'2 Jon—chip 1 | | Rom RAM
Peripherals: | | f | [32x24 |[|[512x24 |[2DX<4 SRR Bus ‘_Z/_.
.2 [|Host, s3I, Controller
- SCli, Pl/O
PORT
(S:S(:r& lnternal_ Data External Data
SCl |Bus Switch Data Bus
And Bit Swich [
Manipulation
Unlt
.Program? Prograin | 'i)_rt_iérz;r}u_ _; DATA ALU
.Address ‘e Decode H-»‘Interrupt R . |
Clock ] : Generator, :Controller 'COﬂlfOllel' 24x24 + 56— 56 Bit MAC
[Generalor l PROGRAM CONTROLLER T ] Two 55 B" Accumulators
l XTAL 'IﬁQB / MODB ~ 16 Bits
- EXTAL IRQA / MODA
‘@ MOTOROLA =
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DSP56 1 DATA AL
» MULTIPLY — ARITHMETIC — LOGIC UNIT

X1 X0 Y1
1! + 4 :
—— 24 bits +
— 48 bits 24x 24
e 56 bits Fractional
Multiplier
e R 56— Bit |
: S Arithmetic & ':
| h Logic Unit |
: i R, |
l‘ f + I —_ '
| ' '
i
| e :
'; r Convergent Rounding Scaling ':
|i Forcing Function | Mode Bits |
| %
! |
‘; Condition |
} | Code Generator :l
| |

Accumulator A | | Accumulator B

M__ﬂ@ MOTOROL A mmmmm DIGITAL SIGNAL PROCESSORS 1S



May 13, 1987

Motorola, Inc.

300 Unicorn Park
Woburn, MA 01801
ph. (617) 932-9700

Dear

Thanks for Xkeeping me involved in the conversations with the x»/
engineers regarding wusing the DSP56001 in their speech
application. Based on information obtained from the last several
phone conversations, I can objectively say that the DSP56001 is a
better choice than the Analog Devices ADSP-2100 in their
application. Enclosed is the information requested on the
FFT performance which the DSP56001 can achieve. Please pass this
information to the engineers.

In sending this information, an important question came to mind
regarding the >:x simulations comparing 24 bit arithmetic
(DSP56001) to 16 bit arithmetic (ADSP-2100). 1Is using the
Motorola software simulator package (SIM56000) or are they
writing their own simulation in € or Fortran to evaluate the
DSP56001? I strongly recommend that they use Motorola's SIM56000
simulator software since the large 48 bit product with 56 bit
accumulation is accurately simulated by this package. It is
important to ensure that the DSP56001 arithmetic is being
accurately simulated for a fair comparison.

A simple test program was written to indicate the signal to
quantization noise ratio (SQNR) performance of the DSP56001 for a
typical FFT application. A block diagram of this test program is
shown in Figure 1, where DSP56001 code implements the spectral
analysis algorithm above the dashed line. A sinewave generator
macro (SINEGEN) was used to generate a 16 bit complex test signal
consisting of a real 16 bit sinewave with a frequency of 0.16666
fs and an imaginary 16 bit sinewave with a frequency of 0.235 fs,
where fs is the sampling frequency. This test signal will allow
us to see any intermodulation effects caused by arithmetic
@Xrrors. The 16 bit sinewaves are placed in the 16 least
significant bits of the 24 bit data word to simulate a 16 bit A

input to the FFT systen. A Blackman-Harris 4 term minimunm
sidelobe window generator macro (W_BH4M) was used to window the
data before the FFT. This window has one of the best sidelobe
attenuations (-92 dB) available and its spectrum will hopefully
remain below the noise spectrum. Otherwise we would only see the
sidelobe spectrum of the window and not the spectrum of the



noise. After windowing, the FFT input is still in the 16 least
significant bits of the 24 bit data word. A 1024 point complex
FFT macro (FFT_R2E) is performed with the DSP5600l's native 24
pit fixed point arithmetic using no data scaling. The 24 bit
twiddle factors are provided by a ookup table generator macro
(SINCOS) . After the FFT, the 24 bit magnitude of the spectrum is
calculated by the DSP5600 using a pagnitude sguared macro
(MAGSQR) a a sgquare root macro (SQRT3) . Finally, the bit
reversed spectral magnitude is read out in normal order to 2 disk
file for plotting. Below the dashed line in Figure 1, the VAX
plotting progran takes the lggarithm of the disk file data and
plots the results as the frequency spectrum of the test input.

Observation of the plotted spectrum shows several advantages of
the DSP56001. First, over 1 NR has been achieved using 24
bit data storage and T arithmetic. The noise level seen is
essentially the quantization noise of the simulated 16 bit A/D
nput. Typical SQNR for 16 bit machines is about 5 dB SQNR for
fixed point with scaling by 1/2 after each stage and about 90 dB
for full block floating point. - Note that 16 bit machines will
need some form of scaling for overflow control with CODEC inputs
and 200 peoint transforms. The DSP56001 will not limit SQNR
performance even i 16 bit A/D converters are used. The
sidelobes around the signal peaks are the sidelobes of the window
rising above the input signal quantization noise. Second, no
intermodulation effects are seen. This is due to the large 56
bit accumulators and use of rounding. Third, no overflow
problems occur for large transform sizes (1024 points) with 16
bit input data because the 24 bit word size allows for 8 bits of
word growth. Finall%, no scaling, block floating point, etc.
needs to be periforme to achieve this level of performance.
System performance, execution speed, program size and algorithm
development time are all improved over 16 bit machines.

Regards,

Kevin L. Kloker
Principal Staff Engineer
Corporate Research Labs

cc: Jane Bates



DSP56000/1 1024 PT FFT TEST

16 Bit Real and Imag Sinewave SINCOS Twiddle Factor Generation
B SINEGEN ' MACRO
MACRO !
- FFT_R2E 2 > BIT —REV
MACRO V re“+ im & OUTPUT
W_BH4M
- MACRO DSP56000/1 CODE

————_——-——___-_—-___—-__-__—_——-——__—-—————_——__——_———————_-—_._______

_ VAX PLOTTING PROGRAM 20 LOG10
& PLOT
/
¢ % ﬂ
e -
T b-so
4
" -
—_ : i
i
L -
Tt
* 1}
- '..IOO J '

T WW‘W Ly

_°!5°|llll 11151111|11|11|71

e.0 0.1 e.2 e.) 0.4 e.S

_‘ FREQUENCY (% OF SAMPLING FREO)
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DSP56000/1 DATA ALU

* PROGRAMMING MODELJ

47 X ] 47 Y 0
l xi | xo | | Y1 | Yo
23 0 23 0 23 0 23 0

Data ALU Input Registers

55 A 0 55 B 0
A2 Al A0 B2 B1 B0
7 0 23 0 23 0 7 0 23 0 23 0

Data ALU Accumulators
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DSP56000/1 DATA ALU

* DATA REPRESENTATION =FRACTIONAL

Word Operand

X1.X0
Y1,YO |
A1.,A0 :

|

B1,B0 —24 —47

Long Word Operand

X1:X0=X .
Y1:YO=Y |
A1:A0=A10 .
B1:B0=B10 !
—28 +20

Accumulator [ A or B] A2,B2| A1,B{ i A0.BO

—24 ~ 47

R
Extention

‘I@ MOTOROLA Exm
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DSP56000/1 DATA ALU
* BLOCK DIAGRAM ~

4
ﬁu 2 Y 1\ Y 11 b b
FEEANERER I EREN IR !
| x1 X0 | | v Yo | |2} A Ao | |B2; B ' 8o |

Im -1 T T_r:‘__'__
A l
C 1 4
cC S

S T | ”l——w U H| MULTIPLY —
x M 1L, ACCUMULATOR |e—
| UF & LOGIC UNIT
LT
AE
TR
o
. R
r Y
# Y 4 A A «
| | ‘ ]
——! BIT SHIFTER - e 56 Bit
<—> MANIPULATION TTUMITER — 2‘; BB!tt
e e e e S I —_— |_.,_~ o '
4 w‘f

- pIGITf\l SIﬁNAl‘ PRQCF.S$0RS|
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MOTOROLA DSP56001

* PROGRAM CONTROLLER |

PORT A
MEMORY

EXPANSION

BUS

YAB
ADDRESS XAB ) Z‘:’ nall A ddress
PORT| ARITHMETIC PAB . ress N
Bor |UNIT(AAU) [T 4 1 1 l |
HOST -
Bootstrap| | Program XMemory| Y Memory
15 N RAM RAM RAM
«w—s—On—Chip | __ ROM 256 x 24 ||256 x 24
- - 32x 24 512)(24 ................................. Bus 7
9 Peripherals: u/A ROM || Sine ROM MEging
— Host, SSI, _255_)(_24__‘ 256 x 24 Controller
SCI, Pl/O
PORT YDB
Cor |internal Data External Data
SSI & Bus Switch XDB Data Bus J
SCl | And Bit PDB Switch [P
Manipulation
Unit GDB
.Program ? 'i)‘r(.);]rz_ar‘n“ : ’ 'i)‘f(h);]fihll‘nhh; DATA ALU
-Address > Decode ie! Interrupt | . .
Clock 'Generator .Conlrollel‘ 'Controllef 24x24 + 56— 56 Bit MAC
E‘:eneralorl PROGRAM CONTROLLER | I T Two 56 Bit Accumulators
| XTAL , '»in(‘)‘B / MODB 16 Bits
EXTAL IRQA / MODA
un (AA)

MOTOROLAEL
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| DSP56000/1 INTERRUPT STRUCTURE

* |INTERRUPT SOURCES

VECTOR
ADDRESS INTERRUPT SOURCE

Pe. $0000 Hardware RESET

* *

$000E
$0012

$0016

$0002 Stack Error
$0004  Trace
$0006 Swi
$0008 IRQA
$000A IRQB
$000C  SSI Receive Data
SS| Receive Data with Exception Status
$0010 SSI| Transmit Data
SS| Transmit Data with Exception Status
$0014 SCl Receive Data
SCl Receive Data with Exception Status
$0018 SCI Transmit Data
$001A SCI Idle Line
$001C  SCI Timer
$001E Reserved for H/W Development
$0020 Host Receive Data
$0022 Host Transmit Data
$0024 Host Command (default)
$0026 Available for Host Command (AHC)
$0028 AHC
$002A Ai-’C

|

$003E AHC

*x

INTERRUPT LOGIC LEVELS

4-17-3

—Internal interrupts are LEVEL sensitive

—JRQA and IRQB are programmable :

LEVEL sensitive or negative EDGE triggered

. @ MOTOROLA s DIGITAL SIGNAL PROCESSORS E



- DSP56000/1 INTEERUPT STRUCTURE

* 4 PRIORITY LEVELS

* LEVEL 3 (NON—-MASKABLE)

— Highest Level
— Priority within Level 3 is Fixed as:

highest Hardware RESET
Hardware Development
Stack Error

Trace
SWI

* LEVELS o0, 1, 2 (MASKABLE)

- — Priority Level is Programmable for IRQA, IRQB, HOST, SSI and SCI.
— Prioritized within each assigned level as:

highest TRQA (external interrupt)

IRQB (external interrupt)

HOST Command Interrupt

HOST Receive Data Interrupt

HOST Transmit Data Interrupt

SSI Rx Data with Exception Interrupt
SSI Rx Data Interrupt

SSI Tx Data with Exception Interrupt
SSI Tx Data Interrupt

SCI Rx Data with Exception Interrupt
SCl Rx Data Interrupt

SCI Tx Data Interrupt

SCI Idle Line Interrupt

SCI Timer Interrupt

-@ MOTOROL A m=zxmm DIGITAL SIGNAL PROCESSORS &=



DSP56000/1 INTERRUPT STRUCTURE -
\* FEATURES OF LONG AND FAST INTERRUPTS

1] LONG INTERRUPTS:

— A JSR to the starting address of the interrupt service routine

is located at one of the two interrupt vector addresses. -
— PC, SR are pushed onto the stack.

— The interrupt service routine can be any length and is

terminated by a RTL.

— The interrupt service routine can be interrupted -
i.e., NESTED INTERRUPTS are supported.

2] FAST INTERRUPTS:

— A JSR to the starting address of the interrupt service routine
is NOT located at one of the two interrupt vector addresses.

— Processor status is NOT saved.

— Interrupt routine is TWO instruction words long
(one 2—word ortwo 1 —word instructions) and -

auto — returns without a RTL.
— Afast interruptis NOT INTERRUPTIBLE.

— PRIMARY APPLICATION is to move data between memory -
and 1/O devices.

H,@ MOTOROLA DIGITAL SIGNAL PROCESSORS



~DSP56000/1 INTERRUPT STRUCTURE

NORMAL INSTRUCTION TIMING

INSTRUCTION :
- CYCLE 1 2 3 | 4 5 6 7 8 9 ‘ 10
FETCH n3 |nd 'n5 |n6 (n7 |n8 |n9 |n1o n11) ni2
) DECODE N2 {n3 |n4d [n5 (n6 [ n7 |n8 [n9 |nio ni1
- EXECUTE nt /'n2 |n3 |nd (n5 |n6 [n7 |n8 [n9 |nio

- where n = normal instruction word

FAST INTERRUPT INSTRUCTION TIMING

‘ (Interrupt synchronized and recognized as pending)

INSTRUCTION
- CYCLE 1 2 | 3 |4 5 6 7 8 9 | 10
_ FETCH n3 (n4 (ivlt |iv2 |n5 |n6 |n7 | ns | ng n10
DECODE n2 | n3 Ind |ivt |iv2 |n5 [n6 |n7 |ns n9
- EXECUTE nt 1n2 'n3 |nd fivt {iv2 (n5 |n6 |n7 n8

- where n = normal instruction word
iv = interrupt vector instruction word (no change — of - flow)

~ LONG INTERRUPT INSTRUCTION TIMING

———————

INSTRUCTION
- CYCLE 1 2 | 3 |4 |5 6 7 8 9 ! 10
_ FETCH n3 | nd jivl |iv2 |i1 i2 i3 nS ' né gn7
DECODE n2 | n3 | nd4 [jsr | = i1 rti - ns : né
) EXECUTE 2 ]n3 ndfisr |- it [ | = s
- where n = normal instruction word

iv
- jsr

interrupt vector instruction word (change — of — flow)

jump to lnterrupt service routine instruction
interrupt service routine instruction word
return from interrupt instruction

q@ MOTOROLA ESEEREN DIGITAL SIGNAL PROCESSORS &=



DSP56000/1 HARDWARE DO LOOP

= OPERATION |

Start of Loop:
1] SP+1—>SP;LA—>SSH;LC—>SSL; #xx— >LC;
2] SP+1— >SP; PC— >SSH; SR—>SSL; Expr—1—>LA;

3] 1—>LF.

End of Loop:

SSL(LF)— >SR; SP—-1— >SP; SSH— >LA; SSL—->LC; SP-1->SP.

*+ EXAMPLE of NESTED DO LOOPS

DO #n1,END1

DO #n2,END2

MOVE’ A.X:(RO) +
END2 ADD AB X:(R1) +,X0
| ___END1

Ea® MOTOROLA mmmm DIGITAL SIGNAL PROCESSORS



- DSP56000/1 HARDWARE DO LOOP

'—_7@ MOTOROLA mxun

x

FEATURES

- No Overhead Cycles (Looped code
runs as fast as Straight—Line Code).

— Looped Code Saves Program Memory.

— Supports Nested Loops.
— Supports Dynamic Loop Counts.

* SYNTAX
DO  #xxx,Expr ;(Static)
DO X:<ea>,Expr ;(Dynamic)

Expr(ession) = assembler expression or absolute address

DIGITAL SIGNAL PROCESSORS



DSP56000/1 PROGRAM CONTROLLER -

* PROGRAMMING MODEL -

15 0 15 0 2 10 -
| | | | DE [MB |MA
PROGRAM STATUS OPERATING -
COUNTER (PC) REGISTER (SR) MODE

REGISTER (OMR) -

15 0 15 0 -
LOOP LOOP -
ADDRESS (LA) COUNTER (LC)
31 16 15 0
1 5 o ;

«—Jur[se]ps|P2|r1 |ro

— High . Low =
—(SSH)——(sSL) < STACK POINTER (SP)

15 -

SYSTEM STACK (SS)

r—==

|| DSP56001 ONLY

- MOTOROL A == DIGITAL SIGNAL PROCESSORS =
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DSP56000/1 PROGRAM CONTROLLER

* STATUS REGISTER |

Mode Register (MR) Condition Code Register (CCR)
| L :
lis 1413121110 9 811776 5 4 3 2 1 o

LF|**1T|**|st|soj11]o|**|L|E|JU[N]Z]lV IlC

Carry
. Overflow
L. Zero

.. Negative

— Unnormalized

.. Extension

e Limit

— Reserved

. Interrupt Mask 0

— Interrupt Mask 1

— Scaling Mode 0

— Scaling Mode 1

— Reserved

. Trace

.. Reserved

—. Loop Flag

@ MOTOROL A Ememmamr:
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MOTOROILA DSP56001 PORT A

MEMORY

+ ADDRESS ARITHMETIC UNIT | EXPANSION
DU YAB
ADDRESS XAB ) ﬁ’(‘j‘:'"a' Address
PORT| ARITHMETIC PAB_ = Busress_, N
Host| T AAY) s 1t | ' ! Switch
- Bootstrap| | Program X Memory | | Y Memory
e Qn-ShiP e ROM || oo 2a ||256 %28 ||256x28 | [y .
9 ff"fh;;"s' u/A ROM ||SineROM| | _ " ==
oo 1108 ontroller
sl ’ ’ 256 x 24 256 x 24
scl, PI/O 2 X
PORT DB )
C or ||nternal Data External | pata
SSI & | pys Switch XDB Data Bus
SClI | And Bit ' e switch <>
Manipulation ,
Unit ; ) GDB
' i’}oé—ral‘n’? i i’—rt_)érz‘u_n_ _. i:’—rbi;rér}\- —: DATA ALU
'Address wDecode .«ulnterrupt E ]
Clock 'Generalor 'Controller IControlle 24x24 + 56— 56 Bit MAC
Generator PROGRAM CONTROLLER ] Two 56 Bit Accumulators
‘ lXTAI_ l IRQB / MODB —— 16 Bits
EXTAL IRQA / MODA )
RESET cunwms 24 Bils
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DSP56000/1 ADDRESS ARITHMETIC UNIT
* BLOCK DIAGRAM )

e LOW GROUP --------- e HIGH GROUP —---——________ -

PROGRAM IDATA BUS
GLOBAL DATA BUS

15 } 0154 o 15} {oi1g Jo 15 0154 o
MO No Modulo RO .: R4 Modulo N4 M4
M1 N1 Arithmetic R1 || Bms Arithmetic N5 M5
M2 N2 Unit R2 || Re Unit N6 M6
Low .: High
M3 N3 © R3 || m7 J N7 M7
1 }
Rn=Address Register ! ,." ,
_— —_ 16 Bit
Nn =0Offset Register MUX M,Ux MUX .
3 [N 24 Bit
Mn =Modifier Register l ,l
XA YA PA

L @ MOTOROLA
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DSP56000/1
ADDRESS ARITHMETIC UNIT i

= ARITHMETIC CAPABILITY

* Each Unit Can Perform:

1] LINEAR Arithmetic
R +/— N

21 MODULO Arithmetic
(R +/— N) mod M
Example: (3+4) mod 5 = 2

7=-5=1 remainder 2

3] REVERSE CARRY (BIT—REVERSED) -
Arithmetic

-

R +/— N
rev

carry
)
Example: 010 1 (5)

-+
rev01 00 (4)

0011 (3)

—@ MOTOROL A = DIGITAL SIGNAL PROCESSORS E



- DSP56000/1 ADDR. REG. INDIRECT

* ADDRESS MODIFIERS — LINEAR ]

MODIFIER Mn ADDRESSING MODE

- VALUE ARITHMETIC
0 Reverse Carry (Bit Reversed)
- 1 Modulo 2

2 Modulo 3
Modulo (Mn +1)

32766 Modulo 32767

- 32767 Modulo 32768
Reserved
- F 65535 Linear (Modulo 65536)

-@ MOTOROL A = DIGITAL SIGNAL PROCESSORS E=



DSP56000/1 ADDR. REG. INDIRECT -

* Linear Post Increment by Offset: (Rn)+Nn{ -

* Example: MOVE X0,X:(R2)+ N2

M2 must be 11...... 111 _

N2

R2 ' - XD Bus -

X0

X Memory

FH,@ MOTOROLA DIGITAL SIGNAL PROCESSORS



DSP56000/1 ADDRESSING MODES

- |* SUMMARY _}

ADDRESS | ASSEMBLER
ADDRESSING MODE | MODIFIER| SYNTAX

REGISTER DIRECT No any reg. name

ADDRESS REGISTER INDIRECT

— | No Update Yes {Rn)
Postincrement by 1 Yes (Rn) +
Postdecrement by 1 Yes (Rn) —

~ | Postincrement by Offset Nn Yes (Rn) +Nn
Postdecrement by Offset Nn Yes (Rn) —Nn

— | Predecrement by 1 Yes — (Rn)
Indexed by Offset Nn Yes (Rn + Nn)

_ (Rn and Nn unchanged)

SPECIAL
Immediate Data No #expr(ession) (24)
Absolute Address No expr (16)

~ | Immediate Short Data No #expr (8,12)
Short Jump Address No expr (12)

- | Absolute Short Address No expr (6)
I/0 Short Address No expr (6)

-7@ MOTOROL A exxmm DIGITAL SIGNAL PROCESSORS ==



DSP56000/1 ADDR. REG. INDIRECT _

* ADDRESS MODIFIERS — MODULO -

MODIFIER Mn ADDRESSING MODE -
VALUE ARITHMETIC

Reverse Carry (Bit Reversed)

Modulo 32767
Modulo 32768

Reserved

65535 Linear (Modulo 65536) -

H,@ MOTOROLA DIGITAL SIGNAL PROCESSORS E.‘



DSP56000/1 ADDR. REG. INDIRECT

[* MODULO ADDRESSING

* What is it?

_ Upper,Boundary
Address (\ Circ_:ular‘ T

. M =modulus
Pointer ———» Buffer ,
Lower'Boundary

v

* Why use it?

Implements: _ .- (queues)

— Delay Lines
— Sample Buffers

* Example: Mth Order FIR Filter

M-1
Y(n) =§ C(k) X(n—k) |, n=0,1,2,

P e - -.-.-.---.-.-.-.-.-.-._.-.-.-.-.-.-.-.-.-.-.-.-.-.---.—.-.---.-.- R e - ——— -



DSP56000/1 ADDR. REG. INDIRECT

~ MODULO ADDRESSING — SET UP ]

1] Load Mn with M—1

2] Initiallize Rn to any value between
xX..xx00..00 and xx..xx00..00+M-—1

— k—

where k
| 2

Example: If M=21, then 2° >21 so k > 5.

—k—

_>_M

00...1000000 |
00...100000 '
o ii:ﬁ:;i; | 2.‘1_ |
00...00000 L

The lower boundary can be any multiple of a
power of 2 with five or more least significant zeros

3] Use Any Address Register Indirect Mode
Note: | Nn| must be <M

64

32

0

—

-@ MOTOROLA DIGITAL SIGNAL PROCESSORS &



:DSP56000/1 ADDR. REG. INDIRECT

- |* ADDRESS MODIFIERS — REVERSE CARRY -

- MODIFIER Mn ADDRESSING MODE

_ VALUE ARITHMETIC
0 Reverse Cérry (Bit Reversed)
- | 1 Modulo 2

2 Modulo 3
Modulo (Mn + 1)

32766 Modulo 32767

32767 Modulo 32768
Reserved
- 65535 Linear (Modulo 65536)

' -@ MOTOROL A == DIGITAL SIGNAL PROCESSORS =3



DSP56000/1 PROGRAMMING MODEL

DATA ALU
47 X 0 47 Y 0
X1 X0 Y1 Y0
U 23 0 23

. INPUT REGISTERS
55 A 0 55 B 0
A2 Al AD B2 Bl B0 |
0 23 0 23 ) 82 02 0

ACCUMULATOR REGISTERS

ADDRESS ARITHMETIC UNIT

ADDRESS OFFSET MODIFIER
REGISTERS REGISTERS REGISTERS
15 0 15 0 15 0
R7 N7 M7
4 UPPER
. FILE
. LOWER
. FILE
RO NO MO
15 0 i 87 O 2 1 0
| MR | CCR {DE'MB‘MA_
PROGRAM STATUS REGISTER (SR) OPERATING
COUNTER (PC) MODE

REGISTER (OMR)
15 0 1§ 0

LOOP ADDRESS (LA) LOOP COUNTER (LC)

31 SSH 1615 SSL_ 0 s O
1 —mmimimee
STACK
POINTER (SP)
; 5 —_——
SYSTEM STACK | | DSPSE001 ONLY

. @.7 MOTOROLA mmmmm DIGITAL SIGNAL PROCESSORS W



DSP56000/1 INSTRUCTION SET

- |* INTRODUCTION

* MPU —Like
- * Makes Pipeline Invisible
- * 62 Instruction Opcodes
* 6 Groups

— Arithmetic Instructions®
- —Logical Instructions®
—Bit Manipulation Instructions
—Program Control Instructions
—Loop Instructions
—Move Instructions

O Most of these instructions allow up to

two move operations (called parallel data
- moves) to be executed concurrently with
opcode execution.

57@ MOTOROL A mm=mm DIGITAL SIGNAL PROCESSORS &x



DSP56000/1 INSTRUCTION SET -
* ARITHMETIC INSTRUCTIONS(Dst=56—bit A,B) ~

ABS Absolute Value -
ADC Add Long with Carry
ADD Add -

ADDL Shift Left and Add Accumulators
ADDR Shift Right and Add Accumulators

ASL Arithmetic Shift Accumulator Left -
ASR Arithmetic Shift Accumulator Right

CLR Clear Accumulator -
CMP Compare

CMPM Compare Magnitude

DIV Divide Iteration & i}
MAC Signed Multiply —Accumulate

MACR Signed Multiply — Accumulate & Round -
MPY Signed Multiply

MPYR Signed Multiply and Round

NEG Negate

NORM Normalize Accumulator Iteration &

RND Round Accumulator -
SBC Subtract Long with Carry

SUB Subtract

SUBL Shift Left and Subtract Accumulators
SUBR Shift Right and Subtract Accumulators
Tcc Transfer Conditionally &

TFR Transfer Data ALU Register

TST Test Accumulator

/\ These instructions do NOT allow parallel data moves

-@ MOTOROL A mmmm DIGITAL SIGNAL PROCESSORS



DSP56000/1 INSTRUCTION SET

- |* LOGICAL INSTRUCTIONS (Dst=24—Bit A1,81)"

- AND Logical AND
ANDI AND Immediate with Control Register &
- EOR Logical Exclusive OR
- LSL Logical Shift Accumulator Left
LSR Logical Shift Accumulator Right
- NOT Logical Complement
OR Logical Inclusive OR
~ ORI OR Immediate with Control Register &
ROL Rotate Left
ROR Rotate Right

-~ O These instructions do NOT allow parallel data moves
T Except ANDI and OR]

’_37® MOTOROLA ez DIGITAL SIGNAL PROCESSORS &=



DSP56000/1 INSTRUCTION SET

* PARALLEL DATA MOVES

* SYNTAX:
Opcode Operands X Bus Data Y Bus Data

| MAC | X0,YO0,A l X:(RO) +,X0 Y:(R4) +,Y0
Specifies: Specifies:

* Data ALU Operation * Optional Data Transfers

* | ogical Operation * Addressing Modes

*+ Address Space Qualifiers [X:,Y:,L:]

*+ OBJECT CODE FORMAT:

23 8 7 0

Data Bus Movement Opcode
EEEEEEE . XX X[X[XIXIXIX
Optional:

24 — Bit Immediate Data or 24 —Bit Absolute Address

_® MOTOROL A sz DIGITAL SIGNAL PROCESSORS



DSP56000/1 INSTRUCTION SET

* BIT MANIPULATION INSTRUCTIONS (test mem)

BCLR
BSET
BCHG
BTST

Bit Test and Clear
Bit Test and Set

Bit Test and Change
Bit Test on Memory

Syntax: BCHG #n,X:<ea>

BCHG #n,Y:<ea>

JCLR Jump if Bit Clear

JSET Jump if Bit Set

JSCLR  Jump to Subroutine if Bit Clear
JSSET Jump to Subroutine if Bit Set
Syntax: JSET #n,X: <ea> ,xxxx

d=i/=g

JSET #n,Y: <ea> ,xxxx



DSP56000/1 INSTRUCTION SET

* PROGRAM CONTROL INSTRUCTIONS

Jcc Jump Conditionally

JMP Jump

JScc Jump to Subroutine Conditionally
JSR Jump to Subroutine

NOP No Operation

REP Repeat Next instruction
RESET Reset Peripheral Devices

RTI Return from Interrupt

RTS Return from Subroutine

STOP  Stop Instruction Processing <
SWI! Software Interrupt

WAIT Wait for Interrupt =

<~ Low power standby mode.

!@ MOTOROLA DIGITAL SIGNAL PROCESSORS



- DSP56000/1 INSTRUCTION SET

'* LOOP INSTRUCTIONS

- DO Start Hardware Loop
ENDDO End Current DO Loop

* MOVE INSTRUCTIONS

- LUA Load Updated Address
MOVE Move Data Registers <
MOVEC Move Control Register

- MOVEM Move Program Memory
MOVEP Move Peripheral Data

..........................................

{ Equivalent to;Data ALU NOP with

e - " -

parallel data moves

il -@ MOTOROLA ez=xm DIGITAL:Z SIGNAL PROCESSORS =3
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DSP56000/1 INPUT /OQUTPUT

* BLOCK DIAGRAM Default Alternate
Function Function
EXT. ADDRESS 18 AO—A1S __
SWITCH .
24
EXTERNAL ﬂ DO0—-D23 - =
DATA SWITCH PORT
A 1/O —
4n | . B2 _C
BUS acRl | 8 .
CONTROL . WA —_
— —  BR - -
— BG S
8 8
«——> PBO-PB7 <+—>  HO-H7
| I . PBS8 — HAO
i HOST/DMA PORT PB9 -— HA1
| PARALLEL | |\ B |/O PB10 e HAa2
| INTERFACE| | (15) | ——  PB11 T HRW
— PB12 PO HEN
———~  PB13 ——  HREQ
— PB14 DE— HACK
—
SCl , , —
‘, SERIAL COMM. . .'38? . %)((8
INTERFACE , . PC2 . SCLK
PORT| ——  PC3 ——~  SCO
ssl c 1ol — ggg . sCi
SYNCHRONOUS 9 |! ' — S5C2
| ——  PC6 e . SCK
| INTERFACE ———  PC8 . sTD

_____ szl DIGITAL SIGNAL PROCESSORS =




DSP56000/1 PORT A

* BUS CONTROL REGISTER (BCR)

DSP56000/1 NOCRMAL EXPANDED MODE

X DATA Y DATA PROGRAM
N MEMORY SPACE MEMORY SPACE MEMORY SPACE
$FFFF|  on-chip $FFFF " “External || SFFFF T,
$FFCO Peripherals| $FFCO ;_F_’_efi_gllgigl_s__; E :I
it e | i
B | i | L | ]
\ il
,  External E External E | External :
- ' X Data | ! Y Data \ i i Program |
' Memory | ' Memory | Memory |
| | | 4 s |
- | ] | a3 ! ,'/ l’
! ! ! Y bl |
| | | | . $OEFF{000) ‘
A ] 4 | - l; {
— ! ! I ! ! ! \\‘ N i
$200)'===-----———- 1| $200/---fooooo_ CI |
Internal /Internal $01FF 001 |nternal
- X ROM 'Y ROM kY Program
$100 R $100 }' ."('\_ RgM :
_ Internal / Internal |
X RAM Y RAM ‘ 4 i
s : oL // 0 L
- '15 | 12! 11 87 4T3 0

EXTERNAL EXTERNAL EXTERNAL EXTERNAL
- X MEMORY Y MEMORY P MEMORY 1/0 MEMORY

- PORT A — BUS CONTROL REGISTER (BCR)

*0— 15 WAIT STATES Can Be Inserted Into Each External
Memory Access Category



DSP56000/1 PORT A

* NO WAIT STATES (BCR=$0000)

ONE INSTRUCTION.

CYCLE

ONE CLOCK CYCLE
INT. CLOCK PHASESTO §

ADDRESS,PS,D% XIYf D G VA
READ RD AN S
CyCtL 5 : : 3
DATA IN —————xxxx_ XXX
( WR N S I
WRITE ; : :
“V""DATA OUT <

* Full Speed 10.25 MHz Instruction Execution
with 55 nsec Access Time 2016 And 2018 RAMs"

T1 T2: T3 TO

T1:T2 T3 :TO0:T1

DSPS5€000/1

A0 - A9

HEES

o]
o

#A

(A0 |-
D0 - D2 D

55 ns SRAM

55 ns SRAM

55 ns SRAM

...................

EXTERNAL DATA
RAM EXPANSION -

3 — 2K x 8 RAMs -
ORGANIZED AS
1K x 24 X DATA -
1K x 24 Y DATA

MOTOROL A =xum3 DIGITAL SIGNAL PROCESSORS &



DSP56000/1 HOST INTERFACE

* 68000 TO DSP Example

* Use MOVEP Instruction with WORD and LONG
WORD Data Size to Transfer MULTIPLE Bytes

* 68020 can use DYNAMIC BUS SIZING to
- Transfer Multiple Bytes with Any Instruction

- MC68000 g DSP56000/1 ‘
- PLO-IPLZ o IENNTcEgSg:T HREQ :'
_ A4-A2) eemmm—p ADORESS

FCO -FC2 t L

LDS

g O HEN
AS O

- | L,
INTERRUPT O HACK
- —» VECTOR ——

DECODE

- DTACK DTACK TIMING —
BERR GENERATOR i

R/W HR/W - L

_ A1-A3 HAO, HA1, HA2 ] ]

DO -D7 >LHO-H7 | ]

| @ MOTOROL A ammm DIGITAL SIGNAL PROCESSORS &



DSP56000/1 HOST INTERFACE
* BLOCK DIAGRAM

25%521568 DSP GLOBAL -
' DATA BUS
———— RXH _
$5 TRANSMIT
DATA
axXM | T REGISTER -
$6
4———F{$XL 24
7
TRANSMIT — -
BYTE REGS.
|, TXH|
$5 RECEIVE -
DATA
REGISTER )
> TXM HRX
$6
HOST » TXL
DATA 8 $7 | _
BUS /7 INTERRUPT gg&gﬁgh
) X  CONTROL _
HO—H7 " ICR ReGISTER 17C
\\\ /
N 7/
58&/%?1}\ STATUS -
A - REGISTER
—CVRIpEGiSTER |HoR
$1 Y -
/
INTERRUPT|
e———— |SR| STATUS -
s> | REGISTER | CONTROL
LOGIC
WL
"o | REGISTER

|| @ MOTOROLA ==xm DIGITAL SIGNAL PROCESSORS E&



DSP56001 HOST INTERFACE DMA

* SYSTEM BLOCK DIAGRAM

DATA (32

-/ ADDRESS (24

I ol ConTROL T 1 A | ]
91
2] 8
| Demux.
z g IE % [ © > Logic \ddress
o 1 - % 5 § BEEH Decode
I g | | o«
a EByle / Long Word L t = L
DSP56001 Addressable System £ P ATI AT
Rz Y2 5 15 ER155
Memory PiEERRE EEREEET
. : g
2z 312 8
2
'HREG DMA FEQ0C  MC68440 DMA Controller
gSlWCT( Transfer d——u:g:fg 5 5l 5 o%’ o
2|8%/2]5 ¢ g waB Logic o gz3 53 BB 123
Ved e d \TlT/\Tli/ VY \1 iy
N 1

T
To Local Memory Arb. Logic




DMA APPLICATION

* SUMMARY : -

Type : Device / Memory Transfers

Device : 8 — BitDSP56001 Host Interface

Memory: Byte /Long Word Addressable System Memory
DMA Controller: MC58440

Modes: -

( MC68440 = Burst

" | DSP56001 = Cycle Steel -
Transfer = Single Address

Block )

Bytes

Performance: 24 — BitDSP56001 word memory to memory every 1.6 us

C
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DSP56001 BOOTSTRAP HARDWARE

* HOST MPU — MC68000— 12

7K R ___
iRQA SL MODA HEN L ﬁﬁ’z—f LDS
IRQB < MODB Address | 29
47K é Decoder [<]AM—A23
£ | DSP56001 8 MC68000 — 12
1K
—{_|Ls09) % DTACK
- - D23 HR/W Ea2( o RIW
47K % 8
L HO — H7 ¢l ——D0-D7
i 3
HAO-HA2 L A1-A3




DSP56001 BOOTSTRAP HARDWARE -

= BYTE WIDE EPROM @ $C000 — $C5FF \ _

+5
mg i
TROA2 MODA PS » -
— AO—A10 - , ‘1
IRQB 2 MODB | -
47K A0O—-A10 CS.
DSP56001 Do—D7 2716 -
L 8
- DO—-D7 e—+
D23———\/\/\/——O+5

* No Glue Ldgic
tacc< 780 ns @ 20.5 MHz

q@ MOTOROL.A mmmm DIGITAL SIGNAL PROCESSORS B



DSP56000/1 INPUT — OUTPUT

* SERIAL COMMUNICATIONS INTERFACE [SCI]

-~ * A 320 KBit Per Second, ASYNCHRONOUS Serial
Communications Interface to a Wide Variety
of Industry — Standard Devices, including:

- — MCUs with Asynchronous Serial Ports
— ACIAs and UARTs

N — RS232 Lines and Modems
— Remote Terminals and Computers

* Super Set of MC6801 and MC68HC11 SCI
* MULTIDROP mode for Multi—Processor Systems

— TWO Receiver WAKE — UP Modes
1) Wake —up on IDLE LINE
- 2) Wake —up on ADDRESS BIT
— 'Wire OR’ Mode

* On—Chip BAUD RATE GENERATOR /
INTERRUPT TIMER

* 2.5 MBit per Second SYNCHRONOUS Serial Mode
_ — Compatible with 8051/96 Shift Register Mode
— Serial to Parallel / Parallel to Serial Function
— Useful for Bit Stream 1/O

L @ MOTOROL A ==mmm DIGITAL SIGNAL PROCESSORS =



DSP56000/1 INPUT /OUTPUT

* SYNCHRONOUS SERIAL INTERFACE [SSI]

* A 5 MBit Per Second Serial Interface to a
Wide Variety of Serial Devices, Including:

— Industry — Standard CODECS -
— Time Division Multiplexed(TDM) NETWORKS
— Serial Peripherals (A/D, D/A) -
— DSP to DSP Networks

— Motorola SPI Peripherals, Processors (HC11)
— Shift Registers, StoP, Pto S

* 6 Pins — STD SSI Transmit Data
SRD SSI Receive Data
SCK SSI Serial Clock
SCO Serial Control O
SC1 Serial Control 1 Depends on
SC2 Serial Control 2 | SSI Mode

* On—Chip Programmable Functions Include:

1] Clock — Continuous, Gated, Internal, External

2] Bit Length, Word Length Sync. Signals

3] TX / RX Timing—Synchronous, Asynchronous.
4] Protocol— Normal, Network, On—Demand

5] Word Length— 8, 12, 16, 24 Bits

. @ MOTOROLA mxxzmm DIGITAL SIGNAL PROCESSORS &=



DSP56000/1 SSi

_ |* CLOCK MODES
CONTINUOUS CLOCK
Data Changes

- SERIAL cLoeK U AT U

Data Stable

~—

~ FRAME SYNC _ |

~ SERIALDATA — Data )— _Data

- * Separate Frame Sync Signal Indicates First
Time Slot in the Frame

* Continuous Clock Output is Required for
-~ CODECS and can be used throughout the
System

GATED CLOCK

Data Changes
!

_ SERIALcLock I AN
Datal Stable
SERIAL DATA
- —  Data » — Data )—
- * Word Synchronization is Inherent in the
Clock Signal

* Protocol must provide Frame Synchronization
- * Uses Only 2 Interface Pins per Channel

I @ MOTOROLA =xxm3 DIGITAL SIGNAL PROCESSORS &



DSP56000/1 SSI

*+ NETWORK OPERATING MODE

FEATURES

= 210 32 TIME SLOTS Per Serial Frame for
TIME DIVISION MULTIPLEXED (TDM) I/C

* Data may be Transferred EVERY TIME SLOT

* COMPATIBLE with BELL and CCITT PCM Protocols

— 8 Bits per Word

— Bitor Word Frame Sync

— MSB First

— 24 or 32 Words per Frame

— Signaling Frame Sync Generation and Detection using Flags

* TIME SLOT ASSIGNMENT (TSA) is Totally under SOFTWARE CONTROL

— Devices can Transmit on Multiple Time Slots
— Devices can Receive Multiple Time Slots
—TSA can be Changed Dynamically

* OVERRUN and UNDERRUN ERROR DETECTION

FOUR_TIME_ SLOT NETWORK EXAMPLE

seriaL cLook [V

FRAME SYNC __| L
Internal Tx Flags
& Interrupts

. ' ' t :
SERIALDATA 4 ) Slot 1 ) Slot 2 | Slot 3 | Slot 4 ) Slot 1 (S
' ' ' ' .

Internal Rx Flags
& Interrupts

| @ MO TOROL A ez DIGITAL SIGNAL PROCESSORS



DSP56000/1 SS|

- [*_DSP TO DSP SERIAL NETWORKS

SSI_TDM_BUS DSP_NETWORK

SERIAL SYNC

SERIAL CLOCK

~  SERIAL DATA BUS__|

Pyl
i
i

|
|l

_ [DSP56000/1 DSP56000/1 DSP56000/1 DSP56000/1,
STD STD STD STD —= .
SRD SRD SRD SRD «— |
_ sCK— scK scK SCK*—
sc2 sc2 sc2 Sc2 J;_

_ SSI_TDM _MASTER—-SLAVE DSP NETWORK

MASTER TRANSMIT

—  MASTER RECEIVE —
- DSP56000/1 DSP56000/1 DSP56000/1 DSP56000/1 . |
Master Slave 1 Slave 2 Slave 3 ]'
_ STD — STD STD STD —
SRD SRD SRD SRD -
SCK sSCK sScK SCK ~—o
sc2 SC2 SC2 SC2 «—
- SC1 — SC1 sc1 SCH +—
sco -] Sco Sco sco +
_ FLAG 0 v |
FLAG 1
MASTER SYNC
MASTER CLOCK

* Flags can specify data types —control, address, data

NETWORK CONFIGURATIONS ARE UNLIMITED 1!

| @ MOTOROL A ez DIGITAL SIGNAL PROCESSORS E=



DSP56000/1 SSI

= DSP to DSP SERIAL NETWORKS

SS! TDM PARALLEL PROCESSING NEAREST NEIGHBOR ARRAY

Control
Master

DSP56000/1 DSP56000/1 DSP56000/1
—{ SRD STD » SRD STD - SRD sTD —
«—{SCO scK SCK SCKl—
—iSC1 SC2 |+ sc2 scz'j
Aﬁﬁ
DSP56000/1 DSP56000/1 DSP56000/1
SRD STD M >+ SRD STD —
.—-—--"‘/
‘ :_,.—/‘5'6‘!( SCK SCK
SC2 SC2 SC2 [+
DSP56000/1 DSP56000/1 DSP56000/1
—= SRD STD » SRD STD -~ SRD STD —
SCKle SCK scK
sC2? sc2 sC2
Serial Clock
[Frame_Sync

Note: Only one node connection is shown

* Flags (SCO, SC1) on Control Master control the Three State Buffers (<)
* Synchronous Network Mode with Four Time Slots (N,S,E,W) per Frame

| @ MOTOROL A === DIGITAL SIGNAL PROCESSORS E
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DSP ELECTRONIC BULLETIN BOARD

Dr. BuB is the name of the electronic bulletin
board dedicated to Digital Signal Processing (DSP)
at Motorola. This bulletin board offers the DSP
community information on Motorola’'s DSP
products, including:

® Current Documentation on
— New Products
— Improvements to Existing Products
® Application Notes
— New
— Updates to Existing Notes
® DSP Contest Information
©® Question and Answer Forum
® Confidential Mail Service

HOW TO MAKE AN APPOINTMENT

A user can access Dr. BuB from anywhere in
the world. To make an appointment with Dr. BuB,
you need the following equipment:

1. 1200-baud modem (Bell 212A or V.22)
2. Terminal or personal computer (PC)
3. Teiephone line

With the above minimum configuration, you will
be able to read Motorola DSP information, post
questions and comments, and participate in
contests. However, if you acquire a file transfer
program such as XMODEM, YMODEM, or KERMIT,
you will be able to downioad documentation,
contest information, etc. * (The XMODEM programs
are generally bundied together with the purchase
of PC modems.)

*Some programs designed for PC-to-PC file transfer may not fulfill the
interface requirements of Dr. BuB.

©MOTOROLA INC. 1986

After obtaining the hardware and ensuring that
it is operating properly, use the following procedure
to log on:

1. Dial (512)440-DSP1 (440-3771) to access
Bell 212A modems, or (512)440-DSP2 (440-
3772) to access V.22 modems. BE SURE
TO SET the character formatto 7 data, even
parity, 1 stop bit.

2. Now the tricky part. . .
Once the connection has been established,
the computer will respond with *‘Dr. BuB
login:". You need to type guest followed by
a carriage return.

3. DO NOT BE CONFUSED if “'password:"’
appears on the screen. Simply hita carriage
return and wait for “Dr. BuB login:" to
reappear.

4. Finally, you will be asked to identify your
“terminal type."" Terminal Type is one of
two things:

dumb, if you have NO terminal emulation
software,

or

the type of terminal you are using or
emulating in software on your PC. A brief
list of the most common terminals emulated
is displayed to assist you in wording your
entry.

5. Make the appropriate menu selections.

The first two screens the user will encounter
are presented on the back of this sheet.
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DSP56000/1 FIR FILTER PROGRAM

DATA MEMORY ORGANIZATION

X DATA Y DATA

' |
|

modulo N
“ulcoef+N—1

| data+N-1

rd —| | coef

data

start move
move
move
move

fir movep
clr
rep
mac
macr
movep

jmp

#data,rO

#coef,r4

#ZN-1,mO

moO,m4

x:input,x: (r0)
a x:(r0) — ,x0 y:(r4) +,y0
moO
x0,y0,a x:(r0) — ,x0 y:(r4) +,y0
x0,y0,a (r0) +
a,x:output
fir

EXECUTION TIME: For the *fir* loop, N + 9 instruction cycles.

SAMPLING RATE fs: Assuming N=32 and a 20.5 MHz clock, fs =250 KHz. _

PROGRAM MEMORY: 11 words.
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- DSP56000/1 1IR DIGITAL FILTER

Second—Order Biquad Z Transform

-1 -2
~ Ya) = 1+bt1 27 '+b22 X(z)
1-atz=1-a22-2

N Digital ~ j=======—====mmmm oo Digital
Input Output
x(n) o\ W(n) y(n)

Tt 1

at SAMPLE b1
l REGISTER

w(n-1)
X

a2 SAMPLE b2

REGISTER
:l: w(n-2) é

N _Cascaded Biquad IIR Diqital Filters

- Digital __,| siquap BIQUAD [ ... — BlQuap |, Digital
[nput FILTER 1 FILTER 2 FILTER N Output

] -@ MOTOROL A mmmm DIGITAL SIGNAL PROCESSORS &



DSP56000/1 IR FILTER PROGRAM

IIR Filter Data Memory Organization

X DATA Y DATA
linear
| coef+4N -1
linear
wN(n=1)| data+2N-1
WN(n-2)
RO —| wi(n—2) | data
start move  #S$ffffmO
move mOm4
iir move #datar0
move  #coefrd
movep x:input,a
move x:(r0) +,x0  y:(rd) +,y0
do #N,end_iir
mac -x0,y0,2 x:(r0)—x1  y:(rd4) +,y0
macr -—x1,y0,a x1,x:(r0) +  y:(rd) +,y0
mac x0,y0,a a,x:(ro) + y:(rd) +,y0
mac x1,y0,a x:(r0) +,x0  y:(rd) +,y0
end_iir
rnd a
movep a,x:output
jmp iir

EXECUTION TIME: For the “iir" loop, 4N + 13 instruction cycles.
THROUGHPUT RATE: Assuming a sampling rate fs = 8 KHz and a 20.5 MHz clock,
N < 317 cascaded biquads. Alternatively, assumingN=5

(10th order filter) and a 20.5 MHz clock, fs =310 KHz.
PROGRAM MEMORY: 16 words.
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DSP56000/1 FFT_MACRO — MINIMUM CODE

——————

££tz2a.hlp Tue Mar 17 11:44:57 1987 1

Name: FFTRZA.ASM
Type: Assembler Macro
Version: 1.1
Last Change: 2-Oct-86

Description: Radix 2, In-place, Decimation~in-time Complex FPFT Macro

This macro performs a complete Fast Fourier Transfom (FFT) on complex
data. The basic algorithm is the Decimation-in-time (DIT), Radix 2

FFT algorithm using 24 bit fixed-point arithmetic. The algorithm uses
a2 sine-cosine lookup table for the FFT coefficients (twiddle factors).
The macro can be called to perform any FFT from 2-32768 points. Simply
call it with the arguments of number of FFT points, location of the
data array and location of the sine-cosine table. All register
initialization is performed by this macro. However, the mac=o assumes
that registers which should not be altered by the FFT have already been
Saved by the main program. This allows the user to fit the FFT macro
into his application and thus control the context switching overhead.
No data scaling is performed and no overflow detection is done.
Modifications to this routine could allow it to be used with the
scaling modes and thus allow dynamic scaling for each FFT pass.

All data and coefficients are complex, with the real part in ¥ Data
Demory and the imaginary part in Y Data memory. For an N point FFT,
the data buffer requires N X Data and N Y Data memory locations.
The algorithm is performed "in-place”, meaning that only one data
buffer is required for both input and output data. The input

data i{s assumed to be in normal (time-sequential) order and the
output is in bit-reversed order. By using the reverse-carry
address modifier and a Separate output data buffer, the ocutput

data may be easily unscrambled. Other methods also exist to
unscramble the output data without a separate output data buffer.
The FFTR2A macro uses "twiddle factors" (-cosine and -sine tables)
stored in data memory. For maximum sSpeed, the FFT macro performs

a lookup table operation to get new sine and cosine values for
each group of butterflies. A SINCOS macro is available to

generate these tables. For an N point FFT, N/2 X Data and N/2

Y Data locations are required. Sine and cosine values could be
calculated in real-time to save data memory at the expense of
execution time.

The FFTR2A macro requires about 40 words of pProgram memory for any
size FFT from 2-32768 points. This is the most compact FFT routine
available for the DSP56000. Additional details are included in the
source file: however, more algorithm description would be requirzed
for complete understanding by typical users. A test 2rogram
FFTR2AT is included in the library to demonstrate the FFTR2A
calling procedure.
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DSP56000/1 FFT _MACRO — MINIMUM ODE

22 .2a.asm Tue Mar 17 16:29:57 1587
move #points/2,n0 ;initialize butterflies per group
move #1,n2 ;initialize groups per pass -
move #points/4,né ;initialize C pointer offset
move #-1,m0 ;initialize A and B address modifiers
move m0,ml ;for linear addressing
move mo0 ,m4
move m0,m5 :
move #0,m6 ;initialize C address modifier for

;zeverse carry (bit-reversed) addressing

; Perform all FFT passes with tziple nested DO loop

.
’

do l@cvi(@loq(pcints)/eloq(2)+0.5),_pnd_pass —_
move #data, 0 ;initialize A input pointer
move r0,rd ;sinitialize A output pointer
lua (r0) +n0,rl ;initialize B input pointer -
move #coef, b ;initialize C input pointer
lua (zl)=-,z58 :initialize B output pointer
move n0,nl ;initialize pointer offsets
move n0,n4 -
move nl,nd
do n2,_end_grp
move x:(zl),xl y: (z6),¥0 :lookup =-sine and
; -cosine values
move x:(zxS),a y: (z0),b :preload data
_ move x: (z6) +n6, x0 ;updates C pointer -
do n0,_end bfy
mac x1,y0,b y: (rl)+,yl ;Radix 2 DIT -
;butterfly kernel
macr -x0,yl,b a,x:(z5)+ y:(z0),a
subl b,a x: (z0),b b,y: (r4)
mac -x1,x0,b x:(z0)+,a a,y:(zd)
macr -y1l,y0,b x:(rl),xl
subl b,a b,x:(r4)+ y: (£0),b
_end: bty
move a,x:(rS)+n5 y:(rl)+nl,yl ;update A and B pointers
move x: (£0)+n0,xl y:(r4)+n4,yl
—end_grp
move n0,bl -
lsr b n2,al ;divide butterflies per group by two
lsl a bl,no ;multiply groups per pass by two
move al,n2
_end_pass -
endm

EXECUTION TIME: For the "butterfly" loop, 8 instruction cycles.

THROUGHPUT RATE: For a 256 point complex FFT with internal program and data
and a 20.5 MHz clock, 814 usec. For a 1024 point comglex
FFT with internal program and external data and 2 20.5 MHz
clock, 6.41 msec.

PROGRAM MEMORY: 42 words.
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DSP56000/1 FFT MACRO — FAST 1024 Pt.

£28r2e.B1p  Tue Mar 17 11:46:10 1987 1

Name: FPTR2E.ASM
: Assembler Macro
Version: 1.0
Last Change: {-Feb-87

Description: 1024 Point, Non-In-place, Complex FFT Macro

This FFT macro performs a 1024 point complex FFT on external data

using the Radix 2, Decimation in Time, Cooley-Tukey FFT algorithm [1](2].
The Cooley-Tukey algorithm is perhaps the simplest and most widely

used form of FFT. Here we demonstrate several programming techniques
and memory mapping strategies which take advantage of the DSP56000/1
architecture to perform very fast FFT's. It does not use straight

line code to speed up FFT’s but rather exploits the use of the

dual internal data buses and memories and the ability of the external
bus controller to perform one external (off-chip) access without

adding any wait states.

FFTR2E starts by performing two Radix 2 Passes on external data to
partition the 1024 complex points into four sets of 256 complex points
which can be processed independently. We take advantage of the fact
that half of the FFT coefficients (twiddle factors) are zerc for the
first two passes to reduce the number of operations by one half. The
remaining coefficients are +l and -1, allowing add and subtract
operations to replace coefficient lookup table accesses. Because of
these facts, the output of the first pass can be kept internal to the
Data ALU and only the output of the Second pass is written back to
memory. At this point all data is Still external. Note that the coding
of the first two passes is written with only one external access per
instruction. Assuming the FFTR2E macro is in internal pProgzam memory,
this guarantees that external data can be accessed at the same speed as
internal data.

Each set of 256 complex points is then moved into the DSP56000/1 internal
data memories and a Radix 2 FFT is performed on=chip. Thus the
calculation is non-in-place since the internal data memories are used as
2 temporary workspace. The first pass of each 25¢ point FFT reads the
external data input and writes the intermediate data into the internal
memories. All intermediate pPasses work on internal data. However, the
output data from the last Pass of each 256 point FFT is written back to
the external data memories. Thus the output of the 1024 point complex
FFT overwrites the input data in external data memory.
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DSP56000/1 FFT MACRO — FAST 1024 Pt.

The implementation uses 24 bit fixed point data storage and 24 bit

tixed point FFT coefficients (sine and cosine lookup tables). The

Data ALU maintains 56 bit accumulater precision whenever possible.

All data is complex, with the real part in X Data memory and the
imaginary part in Y Data memory. The external data buffer requires

1024 X Data and 1024 ¥ Data memory locations. The algorithm is
performed "non-in-place®, since the internal DSP56000/1 Data RAM’s

are used as additional workspace storage. The input data is assumed

to be in normal (time-sequential) order and the output is in bit-reversed
order. By using the reverse~carry address modifier and a separate
output data puffer, the output data may be easily unscrambled. Other
methods also exist to unscramble the output data without a separate
output data puffer. For maximum speed, the FFT maczro performs a lookup
table operation to get new FFT coefficients (called twiddle factors) for
each group of butterflies. The FFTR2E macro uses "twiddle factor”
lookup tables (=cosine in X memory and -sine in Y memory) stored in
external data memory. A SINCOS macro is available to generate these
tables. The -sine table requires 512 X Data locations and the -cosine
table requires 512 Y Data locations.

All register initialization is performed by this macro. However, the
macro assumes that registers which should not be altered by the FFT

have already been saved by the main program. This allows the user toO
£it the FF?T macro into his applicatiocn and thus control the context
switching overhead. No data scaling is performed and no overflow
detection is done. Modifications to this routine could allow it to
be used with the scaling modes and thus allow dynamic scaling for
each FFT pass. .

The FFTR2E macro requires 104 words of program DemoTy. Using a
20.5 MHz DSP56000/1, the FFTR2E macro can perform 2 1024 point
complex FFT in 3.39 milliseconds. Additional algorithm details are
included in the source £ile; however, more algorithn description
would be required for couplete understanding by typical users. The
test program FFTR2ET demonstrates the calling procedure for this
maczo.

Refarences

1] Cooley, J. W., and Tukey, J. W., *“An algorithm for the machine
calculation of complex Fourier series,” Math. Comput., vol. 19,
PP. 297-301, April 1965.

(2) Bergland, G. D., *A guided tour of the fast Fourier transform,”
IEEE Spectrum, vol. 6, pp. 41-52, July 1969, also in Digital
Signal Processing, edited by L. R. Rabiner and C. M. Rader,
IEEE Press, PP- 228-239, 1972.
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DSP56000/1 FFT MACRO — FAST 1024 Pt.

f£ftz2e.2sm Toe Mar 17 16:356:08 1987 1

H

¢ This program originally available on the Motorola DSP bulletin board.
7 It i3 provided under a DISCLAMER OF WARRANTY available from

Motorola DSP Operation, €501 Wm. Cannon Drive W., Austin, Tx., 7873S.

1024-Point, 3.39ms Non~In-Place FrT.

Last Update 04 Feb 87 Version 1.0

Se N Ne By W b

f£tz2e macro data, coef
fftr2e Aident 1,0

1024 Point Complex Fast Fourier Transform Routine

This routine performs a 1024 point complex FFT on external data
using the Radix 2, Decimation in Tinme, Cooley-Tukey FFT algorithm.

Complex input and output data
Real data in X memory
Imaginary data in Y memory

Normally ordered input data

Bit reversed output data

Coefficient lockup table
=Cosine values in X memory
~Sine values in Y memory

Macro Call - fftr2e data,coef

data start of external data buffer
coaf start of sine/cosine table

Radix 2, Decimation In Time Cooley-Tukey FFT algorithm

® Se N Ne Se Sa Ve Ne e Ne Ne W %5 N %) N N Vs Ve We %o N g WG Ny %y N N Wy W Wy e Ne W,

ar,al >] Radix 2 | > ar’,ai’
bz,bi >| Butterfly | > br’,bi’
] |
|
wr,wi

4L’ = ar + wr*br - wivhi

al’ = ai + withr 4+ wrebi

Dr’ = ar - wrtbr + withi e 2¢ar - ar’

bi’ » ai = withbr ~ wrtbi = 2%3f = ai’
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DSP56000/1 FFT_MACRO — FAST 1024 Pt.

.
.
;
.
H
-
H
H
.
b
.
H
i d
’
o
H
o
H
o
H
o
H
.
;
o
;
*
H
.
H
.
H
.
’

.
’
.
’
’
.
’
[
’
*
’
’
I3
’
-
)
’
.
’
’
’
’

_points equ

Address pointers are organized as follows:

0
zl
z2
z3
rd
4]
6
z?

ar,al input pointer
br,bi input pointer
ext. data base address
coef. offset sach pass
ar’,ai’ output pointer
br’,bi’ output pointer
we,wi input pointer
pot used (*)

* « z7, nl and m7 are typically reserved for a user stack pointer.

Alters Data ALU Registers

x1 x0 vl
a2 al al
b2 bl bo

Alters Address Registers

z0 al m0
rl nl ml
£2 n2 m2
z3 n3 m3
4 nd m4
b 3] nS mS
s né mé

a0 = group offset m0) =
pl = group offset ml =
n2 = groups per pass n2 -
n3 = coefficient base addr.

n4 = group offset mi =
nS = group offset ms =
n6 = coef. offset mé =
a7 = not used (*) YA

yo
a
b

Alters Program Control Registers

pc sr

. Latest Revision - 4-Feb-87

1024

_intdata equ 0

move #data, r2

move 2,10

move #_points/4,n0

move nl0,nd

move nd,né6

move $coef,n3

move #_points-1,m0

nove m0,ml

move m0,m4

move m0,mS

oDoOve #-1,m3

move #0,m2

move m2,mé

-® MOTOROLA mmmm DIGITAL SIGNAL PROCESSORS

; Uses 8 locations on System Stack

;number of FFT points

;address of
sinitialize

;initialize
sinitialize
;initialize
;initialize
;initialize

internal data workspace

input pointers

butterflies per group
pointer offsets
coefficient offset

coefficient base address

address modifiers

; for modulo (points) addressing

;linear addressing for coefficient base ©

;initialize

;initialize coefficient address modifier
;for reverse carry (bit reversed) addressing

256 point fft counter

modulo (points)
modulo (points)
256 pt fft counte:
m3 = linear
modulo (points)
modulo (points)
bit reversed
not used (*)

f



DSP56000/1 FFT_MACRO — FAST 1024 Pt.

Do first and second Radix 2 FFT passes

e Ny w,

move x:(z0)+n0, x0

tfr x0,a x:(z0)+n0, yl

do n0,_twopass

tLr yl,b x:(r0)+n0,y0

add ¥0.,a x:(r0),x1 ;ar+cr

add xl,b r0,r4 :;br+dr

add a,b (r0) +n0 ;jar’=(ar+cr)+(br+dr)
subl b,a b,x: (x0)+n0 ;br/=(ar+cr)-(br+dr)
tfz x0,a a,x0 y:(z0),5

sub ¥0,a Y: (r4)+n4,y0 jar-cr

sub ¥0,b x9,x:(r0) :bi-di

add a,b Y:(z0)+no0, x0 icx’=m(ar=cx)+(bi-di)
subl b,a b,x:(r0) ;dr’=(ar-cr) - (bi-di)
tfr x0,a a,x0 Y:(z4),b

add y0,a ¥:(z0)+n0,y0 sbi+di

add yo0,b x0,x:(r0)+n0 ;ai+ci

add b,a y:(z0)+,x0 ;ai’=(ai+ci) +(bi+di)
subl a,b a,y:(r4)+nd ;bi'm(ai+ci)=~(bi+di)
ttr x0,a b,y:(rd4) +n4

sub y0,a xl,b sai-ci

sub yl,b 2:(r0)+n0, x0 ;dr-br

add a,b Xx:(r0)+n0, yl ici’=m(ai~-ci)+(dr-br)
subl b,a b,y: (z4) +n4 sdi‘m(ai-ci)=-(d=z-pr)
ter x0,a a,y:{r4)+ ’

twopass

Se %o wa o w,

passes use
on-chip.

s wa g ny

do #4, _end fft ;do 256 point f£ft four times

move £2,r0 /get external data input address for first pass
move m2,r3 ;update coefficient cffset

move #256/2,00 sinitialize butterflies per group
move #1,n2 ;initialize groups per pass

do #7,_end_pass ;do first 7 passes out of 3§

move #_intdata,rdq sinitialize A output pointer

move nd,nl sinitialize pointer offsets

move n0,n4

move no,ns

lua (zQ) +n0, r1 sinitialize B input pointer

lua (z4) +n4, S iinitialize B output pointer

lua (r3)+n3, s sinitialize W input pointer

move (r5)-

do n2, end grp ,

move x:(rl),=x1 y:(z6),y0 ;lookup -sine value
mnove x:(rS),a Yy:(r0),b

move XxX:(r6)+n6, x0 ;lookup -cosine value

MOTOROLA mxam DIGITAL SIGNAL PROCESSORS F

Do remaining 8 FFT passes as
and external coefficients.

Put data to move
internal input data and internal
The last pass uses internal input data and external output data
to move the data off-chip.

four 256 point Radix 2 FFT’s using

Each 256 point Radii 2 FFT consists of 8 passes.
input data and internal out

The first pass uses external

the data on-chip.
output data to keep the data

Intermediata

internal cdata



DSP56000/1 FFT_MACRO — FAST 1024 Pt.

mac
macr
subl
mac
macr
subl
_end_bfy
move
. move
_end_grp
move
lsz
1sl
move
lsr
move
move
_end_pass

’

; Do last FFT pass and move output data off

move
move
lua
lua
lua
move
move
move

do

mac
macr
subl
mac

macr

subl
_lastpass
move
move
move
move
mOve
move
move
_end_£ft
endm

n0,_end_bfy
z1,y0.b
‘xo,yl,b
b,a
-x1,xC,b
-YI'YO’b
b,a

a,x: (r5)+nd
x: (z0)+n0,xl

n0,bl

b n2,al

a bl,n0
r3,b1

b al,n2
bl,z3
#_intdata, z0

nl,n0
r2,r4
(z0)+, 2l
(r4)-n4,zc5
(r3)+n3, z6
(zS) +
x:(zl),xl
x:(zrS),a

n2,_lastpass

xl,y0,b
-x0,yl,b
b,a
-:l,zO'b
-YI'YOIb

b,a

a,x: (£S)+n5
m2,.z6

né,n2

m3,m2
(£6)+né
(£2) +n2
ré,m2

;Radix 2 DIT putterfly kernel with constant

a,x:(z5)+
x:(z0),b

x: (z0)+,a
x:(zl),x1
b,x:(x4)+

y:(rl)+nl,yl
y: (z4)+nd,yl

y:(zl)+,yl ;twiddle factor
y: (x0),2
b,y: (£4)

a,y:(£5)
y:(z0),b

;dummy load of xl and yl

:divide butterflies per group by two
;multiply groups per pass by two

;divide coefficient offset by two

;intermediate passes use internal i

-chip to external data memory.

;correct pointer offset for last pass
;initialize A output pointer
;initialize B input pointer
sinitialize B output pointer
;initialize W input pointer

y:(rS).yO
y:(z0),b

;Radix 2 butterfly kernel with one butterfly
;per group and changing twiddle factor

x: (z6)+né6,x0
a,x:(r85)+ns
x:(z0),b
x:(z0)+n0,a
x:(zl),x1

bp::(:4)+ﬂ‘

y:(zl)+nl,yl
y:(z0),a
b,y:(z4)
a,y:(£5)
y:(z6),Yy0

y:(z0),b

;get f£ft counter

;qet £t data input offset

;external data pointer uses linear arithmetic
:increment f£ft counter (bit reversed)

;point to next 256 point f£ft input data

:save f£ft counter

Ck' Gqul ﬂh
oﬁ G
Ouﬂ_fhff
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B P 1 FLOATING POINT LIBRARY (FPLIB)

¢’ |* PERFORMANCE (assumes 20.5 MHz.)

~ | Function Best Case Worst Case Comment
I |
( o ) (us) ( o ) (us)
- R=A+X 12 1.17 75 7.32
R=Y+X 13 1.27 76 7.41
- R=A-X 1 1.07 71 6.93
R=Y-X 12 1.17 72 7.02
- A-X 9 0.88 11 1.07 |Compare; used to set
Y - X 10 0.98 12 1.17 condtion codes: =,>,2,<,<
" | R=A*X 18 1.76 63 6.15
R=Y*X 18 1.85 64 6.24
R=A+X*Y 39 3.80 147 14.34
R=A-X*Y 38 3.71 143 13.95
R=A/X 12 1.17 108 10.63
‘_5 R=Y/X 13 1.27 110 10.73
eX
R=A%*2 12 1.17 15 1.46 Scale A by the exponent of X
eX
R=Y=*2 13 1.27 16 1.56 Scale Y by the exponent of X

R = \/_A_‘ 7 0.68 158 15.41
Jx

- | R= 8 0,78 159 15.51
R=-A 16 1.56 61 5.95
— | R= =X 17 1.66 62 6.05
R=|A]| 3 0.49 64 6.24
R=|X| 6 0.59 65 6.34
- Fx A - >Float A 5 0.49 27 2.63
Fx X - >Foat X 8 0.59 28 2.73
Float A ->Fix A 11 1.07 83 8.10
. Float X - >Fix X 12 1.17 84 8.20
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DSP56000/1 COMPETITIVE ANALYSIS

* ON— CHIP RESOURCES —TI

Tl

Resource 32010
INSTRUCTION RATE (NSEC) 200
DATA SIZE (BITS) 16
PROGRAM SIZE (BITS) 16
DATA RAM SIZE 144
DATA ROM SIZE none
PROGRAM MEMORY SIZE 1536 ROM
PROGRAM STACK DEPTH 4
MULTIPLIER SIZE 16 x 16
MULTIPLIER INPUT REGS. 1
ALU SIZE (BITS) 32
ACCUMULATOR REGS. 1x32
ADDRESS REGS. 2
MEMORY EXPANSION 4K
INTERRUPT SOURCES 1

ON — CHIP PERIPHERALS none
PERIPHERAL REGISTERS none

I/O FLAGS 1
PINS 40
TECHNOLOGY 2.7u NMOS

MAX. POWER DISSIP. 1.4 W

Tl Tl Motorola-
32020 320C25 56000/1
200 100 97.5
16 16 28
16 16 24
B544(256 can 544 2x256
nonebe Prog) none 2x256 T
none 4096 ROM 0:3854102 Féim _
4 8 2x15
16x 16 _16x16 24x24 T
1 1 4
32 32 56
1x32 1x32 2x56 -
5 8 24 _
128 K 128 K 192 K
7 7 18 °
1S _1s 2S,1P
6 6 32
1 1 24
68 68 88
2.4u NMOS 1.8uCMOS 1.5u CMOS‘
1.8 W 1W 0.5 W typical -
@ 20.5Mrz.
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- DSP56000/1 COMPETITIVE ANALYSIS

- NOTE: (S)=STRAIGHT - LINE CODE
'* BENCHMARKS —TI ()~ LooPED Cobm
Tl TI Tl Motorola

| -,@ MOTOROLA DIGITAL SIGNAL PROCESSORS ET

Benchmark 32010 32020 320C2556000/1

Real FIR Filter 0.4 usec(S) 0.2 usec(L) 0.1 usec((‘L) 0.1 usec(L)
: : 0.8 usec(L) per tap per tap (Int. per tap
with Data Shift per tap(1) (4) Data only)(7)

lIR Biquad Filter 2.0 usec(S) 2.0 usec(S) 1.0usec(S) 0.4 usec(L)
(2) (4) (7)

[1x3][3x3] Matrix 5.4(vix)sec(8) 5.4(1u)sec(S) 2.7 %7s)ec(8) 1.7 usec(L)
Multiplication

256 pt Comp]ex 4100 usec(S) 2440 usec(S) 1500 usec (S) 713 usec (L)

FFT (3) (5) 350(%usec (L)

1024 pt 31000 (%s)ec(S) 14180(g)sec(8) 7100 usec(? 3391 usec;_)
Complex FFT

LMS Adaptive ? 1.2 usec(S) 0.4 usec(S) 0.3 usec(L)
Real FIR Filter per tap 0.6 usec(L) per tap

(6),(8) per tap(6),(8)
References
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DSP56000/1
DEVELOPMENT TOOLS

* Macro Cross Assembler
* Software Simulator

* Applications Development System

H@ MOTOROLA mmmmm DIGITAL SIGNAL PROCESSORS I



DSP56000/1 MACRO ASSEMBLER

* Two Pass Absolute Assembler

- * Produces Object Code Compatible with
DSP56000/1 Software Simulator

" * Runs Under:-MS—-DOS, UNIX[4.2BSD], VMS[V4.2]

* Offers 6 Command Line Options: MAC I
~-D, -L, -M, —B, -1, -0

- * Supports Nested Macros

* Provides Modular Programming Constructs:

Logical Code Sections
Structured Control Statements

* Provides 23 Powerful Utility Functions For:

- Data Conversions from Floating Point to Integer and Valid Fractions
String Comparison
- Common Transcendental Math Operations

* Provides 41 Directives Including:
Define Modulo Buffer (Base Address, Range Check)
Define Bit— Reverse Buffer ( Powerof 2)

* Supports Conditional Assembly
- * Supports Include Files

- * Provides Extensive Error Checking
and Error Messages:

- Syntax and Source Field Consistency Checks
Instruction Sequence and DO Loop Restriction Checks
_ Range Checking on Buffer Allocation and Floating Point
to Fractional Conversions

_ E@ MOTOROL A s DIGITAL SIGNAL PROCESSORS mr



P 1 SIMULATOR

= gimulates Operation of the DSP56000/1
= gimulates on a CLOCK CYCLE Basis

— Provides Clock and Instruction Cycle Counts
* Runs Under MS—DOS, UNIX[4.2BSD], VMS[V4.2]

* gGimulates 1/0O Including ON — CHIP Peripherals
+ Conditional or Unconditional Breakpoints
* Gingle Stepping Through Object Code

* program Patching Using Single—Line
Assembler / Disassembler

Macro Command Definition and Execution
* Loading and Saving of Simulator Files
= gession and/or Command Logging
* USER FRIENDLY:

— Will display all registers in the programmers model format

—Will highlight those registers which have changed as a result of
executing the last instruction

— Will optionally display only the registers and memory which changed
—Provides HELP LINE and HELP FILE

— Will display the last 100 lines of display so the programmer can scroll
back through previous breakpoint displays and view the results of a

sequence of instructions. Limiting the number of displayed registers
allows more instruction traces to be displayed within the 100 line buffer. .

¥ MULTIPLE DSPS
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DSP56000/1 SIMULATOR (1.11)

* COMMAND MENUs

1] asm break change copy disassemble display <space > =more
2] evaluate go help history input load log output path

3] quit mdix reset save step  Syslem trace wait

4] AU=ln—up AN=In-dn T =pg—up AV =pg—dn AR=right "L =lep

51 “H=del-M NK =del—nt \ O =overwritefinsert ESC =clear command line

6] Nl=tab-nt NE=eol N\ Z=del-eol CR =execute ? =morehelp

1@ MOTOROLA I DG TAL SIGNAL PROCESS}ORS L
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DSP56001 APPLICATION DEVELOPMENT SYSTE

= DSP56001ADS HOOKUP TO USER PROTOTYPE BOARD

EMULATOR CABLE

\BM PC DSP56001 ADM
. USER PROTOTYPE
EN&#O‘RAM T YT TH T v
! I RS Sanhiaitotra : by
N\
— I~ ROLLIN |
/ 37 Conductor Cable PE60!
: “g&% 96 Pin IEC 297 -3 Eurocard
MOLEX Pins— SCl, SSI, HOST Connector
COMMANDS:
Memory/Register Modification File /O Execution Control Miscellaneous
Assemble Input Break Evaluate Radix
Change Output Go Device System
Copy Load Force Quit Path
Display Log Step Help PC
Disassemble Save Trace

AL e TeRol A e DIGITAL SIGNAL PROCESSORS s
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DSP56001 APPLICATION DEVELOPMENT SYSTEM

* MULTIPLE ADM HOOKUP

RS232
Host EVM
(68000, 68HC11, etc.)
PC
Serial
Port
I || Host Interface
I'd
é\’ SS! Interface
/ 56001 56001 56001 56001
PC INTERFACE ADM 1 ADM 2 ADM 3 ADM 8
PARALLFL INTERFACE CABLE
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TECHNICAL DATA DSP56KCCx .

Software Summary \\\g@
DSP56KCCx \’g‘* -
DSP56000/1 Family C Language Compiler

DSP56KCCx is a full Kernighan and Ritchie C implementation supporting development
of DSP56000 Family applications.

Features include support of:
e Structures/Unions
¢ Floating Point -
e Pointer Variables
® In-Line Assembly Language Code Compatibility

°

Full Function Pre-processor supports: -
— Macro Definition/Expansion
— File Inclusion
— Conditional Compilation =
e Low Compiler Overhead (approximately 20%)
e Full Error Detection and Reporting _
Ordering information:
Host Platform Operating System Order Number
IBM®-PC DOS 2.X, 3.X DSP56KCCA
Macintosh® Il MAC OS 4.1 DSP56KCCB
SUN-3® UNIX® BSD 4.2 DSP56KCCC
VAXZ® VMS 4.X DSP56KCCD =
VAX UNIX BSD 4.2 DSP56KCCE

Each package consists of: -

e Software
— C Compiler (CC56000)
— Macro Cross Assembler Program (ASM56000) -
— Linker/Librarian (LNK56000/LIB56000)

o Documentation
— DSP56KCC Compiler User's Manual -~
— C Pre-Processor User's Manual
— Macro Cross Assembler Reference Manual
— DSP56000/1 Data Sheets _
— DSP56000 User's Manual

IBM is a trademark of International Business Machines.
Macintosh is a trademark of Apple Computer, Inc.
SUN-3 is a trademark of Sun Microsystems, Inc.

UNIX is a registered trademark of AT&T.

VAX is a trademark of Digital Equipment Corporation.

This document contains information on 8 new product. Specifications and information herein are subject to change without notice.
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TECHNICAL DATA DSP320t056001

Software Summary

DSP320t056001
Translator Software

The DSP320t056001 translator software will convert any 32010 code into code for Motorola’s
powerful new digital signal processor chip, the DSP56001. The primary features of DSP320t056001
are:

® Translation of any 32010 applications software into DSP56001 source code

® Two modes of operation:
— Translates to 56001 source code for potential optimization and assembly with the
DSP56000SASMA or DSP56000CLASA software
— Translates and runs 32010 Code '‘as is’"" directly and immediately on the
DSP56000ADS, Motorola's DSP560001 Applications Development System

® Runs on IBM*-PC under MS*-DOS or PC-DOS

® C source code of DSP320t056001 program is provided on diskette
— User may modify for 32020 and 320C25 translation
— Third party vendors may contact Motorola for licensing details

® Registration card provided so users can obtain future optimized versions of DSP320t056001
software, hand-coded macro routines, etc.

MOTOROLA DSP DEVELOPMENT SOFTWARE
32010 TO 56000/1 CODE CONVERSION

HARDWARE REQUIREMENTS

The conversion programs are delivered on one double-sided, double-density 5 1.4 inch floppy
disk and may be run from either a floppy disk or a hard disk. They require only enough disk space
to hold the output of the converted source file,

The minimum hardware requirements for the conversion programs are:
IBM-PC, XT, AT, or compatible with 256K bytes of RAM and one 5 1/4 inch floppy disk drive.
PC-DOS/MS-DOS v2.0 or later.

The DSP56000 Application Development System (DSP56000ADS) is recommended as a devel-
opment tool for designing real-time DSP56000./1 signal processing systems.

IBM is a registered trademark of International Business Machines Corporation.
MS ~-DOS is a trademark of Microsoft, Inc.

This document contains information on a new product. Specifications and information herein are subject to change without notice.
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@ MOTOROLA DSPESKPAK/D

DIGITAL SIGNAL PROCESSOR 56000 FAMILY
INFORMATION PACKAGE

DSP56000 Digital Signal Processor User’'s Manual DSP56000UM/AD -
Motorola’s Sizzling New Signal Processor AR237/D _
DSP56001 Advance Information DSP56001/D

DSP Competitive Analysis

DSP56000CLASx Software Summary BR526/D -
DSP56KCCx Software Summary BR541/D
DSP56000ADS BR517/D i
DSP320t056001 Software Summary BR522/D -
Digital Sine-Wave Synthesis Using the DSP56001 APR1/D

% Motorola/Tektronix Flyer
¥~ Momentum Flyer
DSP56200 Advance Information DSP56200/D

DSP56200 Technical Summary BR283/D
Dr. Bub BR297/D
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TECHNOLOGY TO WATCH

MOTOROLA’S NEW DSP ENGINE
COMES WITH FLOATING POINT

The company hangs on to the record for fastest
single-chip DSPs—its latest chip runs at 13.3 mips

sors beyond their traditional applica-

tions, Motorola Inc. is launching two
versions of a powerful new chip. The
DSP96001 and DSP96002 promise to
smash the speed records set by the
Schaumberg, Il company's  OwWn
DSP56000 singlechip digital signal proces-
gor two years ago. With that kind of per-
formance, the new device can compete for the same
high-end embedded control and processing applica-
tions that makers of specialized reduced-instruction-
set computers and complex-instruction-set chips are
targeting.

The DSP96001/2 keeps the speed record for single-
chip DSPs set by its predecessor, Motorola claims,
running at 13.3 million instructions/s compared with

In the drive to push embedded proces-

EMBEDDED PROCESSORS

10.25 mips for the DSP56000 [Electronics. March 10,
1986, p. 30]. Sample quantities of the DSP96001/2 are
due by the fourth quarter.

If initial performance specifications are any indica-
tion, the new DSP chip. which Motorola is calling an
“gttached processor,” will give competitors more than
a run for their money. At 13.3 mips, the 161-pin device

can execute a 1,034-point complex fast Fourier trans-
form in less than two milliseconds, a full 30% to 357
faster than its predecessor. Featuring a peak perfor-
mance of 40 million floating-point operations/s with an
instruction execution cycle time of only 75 ns, the
DSP96001 can execute 66.66 million addresses/s exter-
nal, with an internal peak performance of 256.66
Mbytes/s. On-chip functions include a host central pro-
cessing unit and serial and synchronous-serial inter-
faces. On the DSP96002, the on-chip peripherals are
removed and a bus cohtroller and a second extended
address switch added.

The performance improvement comes from revamp-
ing the architecture (see fig. 1}—up to a full 32-bit
implementation—expanding the data arithmetic logic
unit’s register set from a 56- to 2 96-bit-wide word
configuration. On-chip random-access and read-only
memories have also been expanded. An improved host
interface and a dualchannel, direct-memory-access
controller to support the higher bandwidth have been
added. In addition, an

FLOATING POINT ON AN EMBEDDED PROCESSOR

on-chip barrel shifter
and a 32-by-32 multi-

plier/adder are now in-
ADDRESS corporated on-chip.
GENE":‘?;'O" And the basic 56000 in-
struction set has been
¥ ADORESS 8US xTEnmA enhanced to implement
~ X ADDRESS BUS XTERNAL |AODRESS | fully the IEEE 754
PROGRAM ADDRESS BUS SWITCH 1985 standard for bina-
ry single-precision and
extended single-preci-
sion floating-point
DUAL CHANNEL PROGRAM x MEMORY | | ¥ MEMORY arithmetic &P
DMA 512232817 | | 512232817 | | 512 32817 | | .

CONTROLLER RAM RAM RAM S CONTROL The DSP9001 out-
32 .A;‘zq.|1 ----- - CONTROLI™ 3 does the DSP356000
G PORT ON-CHIP '00.705.}"” 5\2;3.2‘111 mﬁg’&"” when performing many
o PERIPHERALS DSP benchmarks, says
OMA DATA BUS Bryant Wilder, manag-
INTEANAL er of digital signal pro-
DATA-BUS Y DATARUS cessing operations in
guTCH X DATA 8US e aus A_ﬂl‘_‘ Austin, Texas. For ex-

AND BIT- ' ) -
MANIPULATION PAOGRAM DATA BUS SWITCH ample, he says, a finite
uniT GLOBAL DATA 8US impulse response filter
with data shift is per-
CLOCK : DEBUG 1. The DSPOGOO1/2 Nits &
GENERATOR ADDRESS DECOOE INTERRUPT CONTROLLER performance rate of 40 me-
GENERATOR | | CONTROLLER | | CONTROLLER < qaflops by increasing the

DA 0 RIAL
! PROGRAM CONTROLLER ‘ . : : 25:?6 :::gm:ef :1 adl.c:: ::::s. S;i.
u -
4

cLOCKS 1 32007 BUSES controlier, and incorporat-
INTERRUPTS ing a multiplier and barrel

shifter into its data ALU.
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formed in 0.075 us per tap, 25% faster than the
DSP56000 and 4 to 10 times faster than competitive
singlechip DSP circuits.

The most significant modification to the architecture
has been in the register structure of the data ALU
portion, says Kevin Kioker, principal staff engineer at
the systems research laboratory in Schaumberg. In the
earlier unit, the data ALU contained four 24-bit general
purpose input registers which could be treated as four
independent 24-bit registers or as two 48-bit registers,
and six accumulator registers, four of which were 24
bits wide and two that were 8 bits wide.

To implement the IEEE 754-1985 standard for single-
precision and extended single-precision binary floating-
point arithmetic, the data ALU in the 96001/2 is orga-
nized as one file of ten 96-bit general-purpose registers
that can also be addressed as thirty 32-bit registers.
Also added into the ALU for the same purpose is a 32-
bit barrel shifter, 32-bit adder, and 32-bit parallel mult-
plier. The width of the register file means the data ALU
can do any mix of multiplication, addition, subtraction,
format conversion, shifting, and logical operations in one
instruction cycle. Multiplication with positive or negative
accumulation takes no more than two cycles.

To boost overall performance over the DSP56000—by
up to 35%—to 13 to 14 mips, Motorola designers com-
pletely revamped the internal architecture on the
DSP96001/2. All of the buses, internal and external,
have been expanded to 32 bits—the DSP56000 had only
three internal and one external address

and destination-memory locations on two channels.
To support its use in embedded control applications,
the DSP96001/2 also incorporates on<chip RAM and
ROM. Both the x- and y-data RAMs contain 32 by 512
bits each, versus 24 by 256 bits on the DSP356000. On-
chip program RAM space has also been expanded,
from 512 by 24 bits to 512 by 32 bits. In addition. the
on-board x and y data bootstrap ROM space has been
expanded, from 32 by 24 bits to 32 by 32 bits each.
Just as Motorola offered the 56-bit-word-wide
DSP56000 as a single-chip alternative to traditiona] 8
and 16-bit microcontrollers such as Intel Corp.’s 8051
and 8096 in real-time event-control applications requir-
ing digital signal processing, a similar strategy is be-
ing taken with the DSP96001/2 in the high-end embed-
ded processor market. It is aimed at applications such
as graphics and image processing and robotics as well
as the more traditional DSP applications—array pro-
cessing, digital audio, instrumentation, medical equip-
ment, and speech processing. Indeed, says Wilder, the
DSP96001/2 should be a real contender on two counts.
“Unlike most of the other offerings, we have not
given up on the single-chip solution [but instead offer]
a single device which incorporates not only the CPU

and some RAM and ROM, but program control and

floating-point processing as well.”

A second benefit is architectural flexibility. If, for
example, the system designer wants to embed the addi-
tional processing functions within the host system itself,

buses, which were 16 bits wide, and
internal and external data buses, which
were 24 bits wide. The total number of
internal buses has been upped as well,
from four on the DSP56000 to five on
the DSP96001/2. In addition to the bi-
directional x and y data buses—the pro-
gram and global data buses—the chip
also has an additional bidirectional bus
to accommodate the on-chip dual chan-
nel DMA controller. To give system de-
signers even more flexibility, the ()
DSP96001/2 bus structure is designed
so that under certain conditions and
with certain instructions, the two 32-bit

SLAVE AND MASTER

2. The DSPD800O1 acts as an attached
interface master (b) configuration, sharing the system memory.

DIRECT
MEMORY

ACCESS
REQUEST/
" ACKNOWLEDGE
HANDSMAKE

RAM | 1 /0 )

LTJ L.r..l

DSPI6001

MOST

OPTIONAL LOCAL BUS

b

processor in either a host interface slave (a) or a bus

x and y data buses can function as a
single 64-bit-wide bidirectional bus.

- Also, says Wilder, the highly parallel architecture of
the DSP56000 has been enhanced in the DSP96001/2.
The data ALU, address arithmetic units, and program
controller operate in parallel within the CPU so that an
instruction prefetch, up to three floating-point opera-
tions, two data moves, and two address pointer up-
dates can be executed in a single instruction cycle.
These functions may use any of three types of arith-
metic—linear, modular, or reverse carry. “I think you
will find it hard to dig up any RISC controller, much
less any CISC machine, that can do anything compara-
ble,” says Kloker.

A dual<channel DMA controller on the chip operates
in parallel with the CPU. The DMA controller performs
all the address storage and effective address calcula-
tions that are necessary to address the DMA source

the DSP96001 would be used, configured as a host inter-
face slave (see fig. 2a) using its own internal RAM
resources or additional RAM and input/output resources
via an optional local bus. It could also be used as a bus
interface master where it accesses the data and pro-
grams in the system RAM (see fig. 2b). Where the
system designer wants to embed the additional process-
ing in 8 peripheral, such as a printer, rather than the
host, the DSP96002 would be used with additional RAM
and ROM linking to the host CPL via some external bus
or network connection. -Bernard C. Cole
For more informabon, circle 480 on the reader serce card.

TECHNOLOGY TO WATCH is a regular feature of Electronics that
provides readers with exclusive, in-depth reports on important
technical innovations from companies around the world. It
covers significant technology, processes, and developments
incorporated in major new products.

Electronics /March 17, 1988
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ADDRESS -

GENERATION
UNIT (AGU)
YAB -
XAB EXTERNAL
ADORESS
PAB SWITCH
DUAL CHANNEL
DMA
CONTROLLER PROGRAM X MEMORY Y MEMORY
512x32 512x32 §12x32
& L - = _:AM__ s | SR
110 ON-CHIP 32x32 mﬁ_&’
PORT PERIPHERALS: BOOTSTRAP 512x32 512x32
«GiP»| 32-BIT HOST ROM ROM AOM
41 ssl, SCI, PVO,
RAND
DB
DATA BUS YDB
INTERNAL DATA
SWITCH & BIT X8 EXTERNAL Lo,
MANIPULATION POB DATA BUS
UNIT o SWITCH
cLOCK DERLG
PROGRAM PROGRAM PROGRAM
GENERATOR ADDFESS DEOC0E NTERRUPT DATA ALU CONTROLLER
GENERATOR | | cCONTROULER | | CONTROULER | | | < IEEE FLOATING POINT |
+ 32x32 INTEGER ALV 6 SERIAL
SYNC PORT
{ —
| MODBIROB
EXTAL —
‘ MODA/IROA
TAL __REsE

NMI e 32.81T BUSES

Figure 2. DSP96001 Block Diagram
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DATA ALU

ADDRESS
GENERATION
UNIT

PROGRAM
CONTROLLER

Y1,Y
-1Y0
_x1.x
4 1X0 DSP56000
> MAPPING
Dime1j Diisolp
031 0
RLOATING POINT OR INTEGER REGISTERS
95 0
M7 N7 R7
M6 N6 R6
M5 N5 R5
M4 N4 R4
M3 N3 R3
M2 N2 R2
M1 N1 R1
MO NO RO
31 031 031 0
MODIFIER OFFSET ADDRESS
REGISTERS REGISTERS REGISTERS
31 031 0 3187 o0
| = * o
PROGRAM STATUS OPERATING
COUNTER  REGISTER MODE
REGISTER
31 031 0
LA L ©
LOOP LOOP
ADDRESS COUNTER
31 _SSH 031 SSL 9, 31 65 0
E | ° sP
I STACK
— POINTER

15 * Reads as zero, should be written

SYSTEM STACK (SS) with zero for future compatibility,

Figure 5. User Programming Model
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Table 5. Address Modes Summary

] Moditier Memory/Registers Referenced

Addressing Mode sTclplalpPlx |Y[L][xy
Register Direct
Data or Control Register No x | x |x
Address Register No X
Address Modifier Register No X
Address Offset Register No X
Address Register Indirect
No Update Yes x | x | x |x | x
Postincrement by 1 Yes x | x | x}|x | X
Postdecrement by 1 Yes x | x | x |x X
Postincrement by Offset Nn Yes x | x | x |x | x
Postdecrement by Offset Nn Yes x | x | x | x
Indexed by Offset Nn Yes x | x | x |x
indexed by Displacement Yes x | x | x
Predecrement by 1 Yes x | x | x |x
Special
Immediate Data No X
Absolute Address No x | x| x| x
Immediate Short Data No X
Short Jump Address No X
PC Relative No X
/0 Short Address No x | x
Implicit No x | x X

| @ MOTOROLA = D|GITAL SIGNAL PROCESSORS
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ADDRESS
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SWITCH
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DATA

ADDRESS
GENERATION
UNIT (AGU)
YAB
XAB EXTERNAL | AppRESS
EXTERNAL e ADDRESS
SWITCH
DUAL CHANNEL
DMA
CONTROLLER PROGRAM X MEMORY Y MEMORY
512x32 512x32 512x32
RAM RAM RAM CONTROL
Iy T I BUS
BuS 32x32 contro [l
ROM ROM ROM
D08
YD8
EXTERNAL INTERNAL XD8 EXTE
DATA BUS SWITCH & BIT DATAR;?SL DATA
SWITCH MANIPULATION PDB SWITCH
UNIT v
cLOCK DEBUG
PROGRAM PROGRAM PROGRAM
GENERATOR ADDRESS DECODE INTERRUPT DATAALU CONTROLLER
GENERATOR CONTROLLER CONTROLLER + IEEE FLOATING POINT
«32x32 INTEGER ALU ¢ P SERMAL
DEBUG
PROGRAM CONTROLLER PORT
SYNC I 1
EXTAL MODBIRGB
MODARGA
___RESET
XTAL T
wwacsweow 32 BIT BUSES

Figure 2. DSP96002 Block Diagram
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TECHNICAL DATA DSP56200 -

Technical Summary

Cascadable Adaptive Finite Impulse Response
Digital Filter (CAFIR) _

This document provides a technical summary of the DSP56200, a Cascadable Adaptive Finite impulse Response (CAFIR)
digital filter chip. For users not familiar with digital filtering, an appendix on this topic is also included.

The DSP56200 is an algorithm specific, digital signal processing (DSP) peripheral designed to perform computationally- -—
intensive tasks associated with digital filtering. Two principal functions are performed by the DSP56200 — FIR filtering
and adaptive FIR filtering using the Least-Mean-Square (LMS) algorithm. A flexible chip-cascading scheme enables the
user to easily build filters with extended tap lengths and/or increased speed. its performance, features, and simple inter-
face make the DSP56200 a natural solution for problems such as echo cancelling, telephone line equalization, noise can- -
celling, conventional filtering, and many other DSP applications. Key features of the DSP56200 are:

e Three Modes of Operation
— Single FIR Filter -—
— Dual FIR Filter (Two Independent FIR Filters)
— Single Adaptive FIR Filter
e High Performance Hardware
— 24 x 16 Bit Multiplication with 40-Bit Accumulation
— 10.25 MHz Internal Operation
— Single-Cycle Multiply-Accumulate
— Single-Cycle Update of a Coefficient
— Ultra-Low-Power Standby Mode
— 256 x 24-bit Coefficient RAM
— 256 x 16-bit Data RAM
— Unused RAM Available for System Storage -
— 28-Pin Dual-in-Line Package
e Architecture Optimized for Digital Filtering
— Three Execution Units Operate in Parallel
— Multiple Internal Buses
e Digital Filtering Features
— 16-Bit Rounding Option on Filtered Output
— dc Tap Option -
— Programmable Filter Tap Length (4 to 256 Taps)
— Programmable Loop Gain'
— Programmable Coefficient Leakage Term'
— Adaptation Disable Capability’ -
— LMS Adaptation Algorithm'
e Unlimited Cascadability Offers?
— Longer-Tap Filters
— Higher Sampling Rates
e High Throughput Rates — Examples of Possible Configurations
— 227 kHz FIR Filter (32 Taps, 1 DSP56200)
— 37 kHz FIR Filter (256 Taps, 1 DSP56200) -
— 115 kHz Adaptive Filter (256 Taps, 8 Cascaded DSP56200s)
— 19 kHz Adaptive Filter (256 Taps, 1 DSP56200)
— Many Other Configurations Possible
o Simple interface to Popular Hosts
— Microprocessors
— Microcomputers
— General Purpose Digital Signal Processors -

'Options unique to adaptive filtering mode
7The DSP56200 implements a true cascade. A true cascade means that the error term in the adaptive filtering mode is calcuiated
from the partial sums of ALL chips in the cascade.

This document contains information on a new product. Specifications and information herein are subject to change without notice.
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Figure 1. Functional Signal Groups

- ARCHITECTURE DESCRIPTION Careful design of the interface units has virtually elim-
inated the need for “glue” logic when interfacing to a
The DSP56200 offers two advantages over general pur- host processor or cascading DSP56200 chips. The Parallel
pose DSPs — higher performance and minimal devel- Interface resembles that of s fast static RAM, and allows
opment time. The high performance of the DSP56200 interfacing to fast, general purpose DSPs and MPUs hav-
results from an aligorithm specific architecture featuring ing tight timing requirements. The Cascade Interface per-
three execution units — the Asynchronous Parallel In- forms all the functions associated with cascading, thereby
—  terface, the Cascade Interface, and the Computation Unit simplifying the design of multi-chip systems.
— which execute in parallel (Figure 2). Development time The Computation Unit performs the arithmetic neces-
is minimized because the DSP56200 is an off-the-sheif sary in FIR and adaptive FIR filtering (Figure 3). It contains ’
chip which requires no software development. The al- the hardware necessary for implementing a 256-tap FIR
- gorithms are implemented in hardware. filter with adaptation capability, including a 256 x 24-bit

Coefficient RAM, a 256 x 16-bit Data RAM, and an Arith-
metic Unit. The Data RAM is configured as a variable
length circular queue, allowing it to function as a virtual
shift register. The Arithmetic Unit configures itself for

ASYNCHRONOUS both the LMS adaptation algorithm and the FIR filter cal-

DATA BuS

PARALLEL Culation, implements the available digital filtering op-

INTERFACE tions, performs 100 ns 24 x 16-bit multiply-accumulates,
UNIT and performs 100 ns coefficient updates. It is further de-

scribed in the INTERNAL ARITHMETIC DESCRIPTION.

8

MODES OF OPERATION
COMPUTATION
UNIT The DSP56200 is designed to operate in one of three
modes — Singie FIR Filter, Dual FIR Fiiter, or Single Adap-
tive FIR Filter. Functional diagrams of these three config-
urations are shown in Figure 4. Users unfamiliar with
- INTERCHIP digital filtering should refer to Appendix 1.
COMMUNICATION FIR filtering is a simple way to perform digital filtering.
BUS CASCADE The Single FIR Filter mode is used to impiement one FIR
<::> IN1"\ERF ACE filter, either on a single chip or on several DSP56200s in
UNIT a cascade (with up to 256 taps per chip). Using software
design tools, filter coefficients can be calculated to obtain
the desired frequency response for performing functions
such as differentiating, bandpass filtering, and lowpass

filtering. In this mode, the DSP56200 is configured to
Figure 2. Parallelism Within the DSP56200 implement the FIR filtering equation (see Appendix 1).

MOTOROLA DSP58200

- 2 BR283




8-BIT EXTERNAL DATA BUS

PARALLEL
—4——  |nteRFace [
COEFFICIENT DATA
RAM RAM
A (256 x 24) (256 x 16) /'y
: 24 16 :
> BUS BUS <
CONTROLLER _7‘] ! 7 CONTROLLER

T— NEW DATA SAMPLE

I ARITHMETIC
ER:ZOR UNIT
;|

/
32

L———’ LAST DATA SAMPLE

Figure 3. Computation Unit Block Diagram

The Dual FIR Filter mode is an extension of the Single
FIR Filter mode. It allows two independent inputs, x4(n)
and x5(n), to be FIR filtered using only one DSP56200.
Note that both filters must use the same number of taps
up to a maximum of 128. The DSP56200 is not adaptive
or cascadable in the Dual FIR Filter mode.

The Single Adaptive FIR Filter mode provides a8 unigue
solution to problems such as echo cancelling and adap-
tive equalization of telephone lines. This mode is used to

x(n) —po H(2) ——»_p ¥ (n)

(a) SINGLE FIR FILTER MODE

x4 (n) — H@ —% " (n)

Xy —  Hy@ [ ¥,

{b} DUAL FIR FILTER MODE

e

ADAPTIVE
FILTER

x(n) —Pm
d(n) ——

-

{(c) SINGLE ADAPTIVE FIR FILTER MODE
Figure 4. DSP56200 Configurations

& e(n)

DSPS6200
BR283

implement one adaptive filter, either on a single chip or
on several DSP56200s in cascade. Adaptive filters must
perform the FIR filter multiply-accumulate operation, fol-
lowed by an adaptation operation to modify the coeffi-
cients. The DSP56200 updates every filter coefficient once
during each sample period using the Least-Mean-Squares
(LMS) adaptation algorithm.

INTERNAL ARITHMETIC DESCRIPTION

The key to the accuracy of the DSP56200 is its Arith-
metic Unit. Accuracy is affected by the number of bits in
the coefficient and the errors due to rounding. In FIR filter
applications, the actual frequency response will deviate
from the user's desired response if not enough bits are
used to represent the coefficients. Wider coefficient word
widths also enable adaptive filters to more closely ap-
proximate a desired impulse response, resulting in smaller
error terms. Roundoff errors decrease as the size of the
accumulator and coefficients increases. The DSP56200
uses a 24-bit coefficient, and will accept data words hav-
ing up to 16 bits. The results of the muitiply-accumulate
operation are stored in 8 40-bit accumulator. Both the 16-
bit data samples and 24-bit coefficients are represented
as signed fractional numbers.

in FIR filtering applications, the filtering process is de-
scribed by the following equation:

N-1
yin) = 2 hi) x (n-i)
i=0

(1)

The “ith” coefficient is represented by h(i), and x{n-i)
represents one of the previous data samples. in this mode,
the Arithmetic Unit is configured as a multiplier-accu-
mulator as shown in Figure 5.

PR

MOTOROLA
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Table 1. DSP56200 Performance Figures
- INITIALIZE SYSTEM
Single Chip
_ t Maximum Sampling Frequency (kHz)
" Number of Taps
ode
WNPUT A NEW SAMPLE 32 P9 128 256
- * FIR Filter 227 132 71 37
PERFORM ALL PROCESSING Adaptive Filter 123 €9 37 19
ASSOCIATED WITH THE ; 1 —-
_ CURRENT SAMPLE Dual FIR Filters 22 68 36

HAS A
NEW SAMPLE
ARRIVED?

Four Chips in Cascade

Maximum Sampling Frequency (kHz)
- Total Number of Taps
Mode
Figure 7. Flowchart for Real-Time Systems 128 | 256 | 512 | 1024
- FIR Filter 222 132 7 37
Adaptive Filter 120 69 37 19
_ The formulas below are used to calculate the
DSP56200's maximum sampling frequency for a given
system. In many cases, this maximum rate can be in-
crgased by cascading more QSP56200 chips together and Eight Chips in Cascade
— using fewer taps on each chip.
Maximum Sampling Frequency (kHz) T
Maximum fs =< fo/#cycles
Mod Total Number of Taps
- Where: e
fok = DSP56200 input clock frequency 256 512 | 1024 | 2048
12+N+q : Single FIR Filter Mode FIR Filter 204 | 132 | N 37
# cycles = 18+2N+q : Dual FIR Filter Mode Adaptive Filter 115 | 69 37 19
s 17+2N+r : Single Adaptive Filter Mode
q-= 29+n-N :(29+n-N) >0
0 : otherwise
- = {30+n-N :(30+n-N) > 0
0 - otherwise Sixteen Chips in Cascade
n =  Number of chips cascaded together
— N = Number of taps used on each chip Maximum Sampling Frequency (kHz)
The intermedjate terms, q §nd r,can never be negative. Total Number of Taps
Also note that in Dual FIR Filter mode, N is the number Mode
. of taps available for each of the two independent filters, 512 | 1024 | 2048 | 4096
- and therefore N < 128. Table 1 shows some performance FIR Filter 175 | 132 71 37
figures for the DSP56200 in different configurations as- —
suming a 10.0 MHz external clock. Adaptive Filter 105 ) 69 37 19
- : PREOBDING PAGE BLANK NOT FILMED
-— DSPS6200 MOTOROLA
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PERFORMANCE

* ASP FAMILY

HIGH END !
SIGNAL PROCESSOR
MID. RANGE
SIGNAL PROCESSOR ) -
77220/77P220
SIGNAL PROCESSOR
FOR DEDICATED
APPLICATIONS / 77C25

LOW END 77C20A
SIGNAL PROCESSOR 7720A

77230/77P230
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NEC
General Purpose/Telecom DSP Devices

Design Philosophy
1) Minimize System Cost:

a) Provide large amount of on-chip, high-speed memory, (including
masked instruction ROM).

b) On-chip serial interface.

c) Stand-alone or use as peripheral to existing microprocessor.

d) Provide different performance level devices; you only pay for the
level you need.

2) Code Efficiency:

>> Wide "microcode-like" instructions perform many parallel
operations. More functions packed into each instruction.

3) Built for real time operation:

a) Predictable execution time -- one cycle per instruction: always.
(Including multiply/ accumulate.)

b) Can be interrupt-driven.

¢) Multiple functions/instruction means more functions/time.



[ ! [

General Purpose/Telecom DSP Devices

NEC

Relative Performance

Very High
Performanc

uPD77230, 77P230 ASP
(Advanced Signal Processor)

High

Performanc

Medium
Performanc

Low End

uPD77220, 77P220 ASP-FX
(ASP-FiXed point)

uPD7720A, 77C20A, 77P20 SPI
(Signal Processing Interface)

uPD77C25, 77P25 SPI-PLUS
(SPI, PLUS memory and speed)




uPD 77C20A/20A/P20

FEATURES

ALL INSTRUCTIONS: 250 NS (8 MHZ)

INTERNAL PARALLEL MULTIPLIER (250 NS)

16 BITS x 16 BITS -> 31 BITS
INSTRUCTION ROM - 512 WORDS x 23 BITS

DATA ROM - 512 WORDS x 13 BITS
DATA RAM - 128 WORDS x 16 BITS

DUAL 16-BIT ACCUMULATORS
MULTIPLE /O CAPABILITIES

-SERIAL: 8 OR 16 BIT
-PARALLEL: 8 OR 16 BIT

COMPATIBLE WITH MOST uPS, INCLUDING  8080/8085/8086/Z80




NEC ELECTRONICS

7720

Program memory Dsts RAM Data ROM

Stack
RAM

128.1 16
]

Output
Port

Control

Muttiplier

CLK ~—o
RST —am
INT ]
Vcc —-
GND —e-

Read/Write

Interrupt  ALU Muliplier Parallel 1O




NEC's uPD77C25
CMOS
DIGITAL SIGNAL PROCESSOR

"SPI PLUS"

NEC ErLectronics INc, NEC




DSP Digital Signal Processing
uPD77C25/77P25

MAIN FEATURES

16-BIT CMOS SIGNAL PROCESSOR
CMOS EPROM VERSION -

COMPATIBILITY WITH 7720
>> PIN-FOR-PIN COMPATIBLE
>> SOFTWARE COMPATIBLE (SEE NOTE 1)

HIGHER PROCESSING SPEED
122 NSEC INSTRUCTION CYCLE (8.192 MHZ CLOCK)

LARGER MEMORY SIZE
>>» INSTRUCTION ROM: 2048 x 24B
>> DATA ROM: 1024 x 16B
»>> DATA RAM: 256 x 16B

CMOS 1.6 um TECHNOLOGY
APPLICATIONS

MODEMS

SPEECH COMPRESSION

- ROBOTICS CONTROL
AUDIO

POSITIONING OF 77C25 IN NEC'S DSP FAMILY

IMPROVED VERSION OF 7720 FAMILY

NOTE 1. 7720 SOURCE PROGRAM IS APPLICABLE FOR

77C25 ASSEMBLER
NEC Electronics, Inc. —,




DSP Digital Signal Processing

uPD77C25/77P25 DETAILED COMPARISON WITH 77C20A

T7C20A/T7P20 17C25/77P25
TECHNOLOGY CMOS/NMOS CMOS/CMOS
INSTRUCTION CYCLE 244 ns 122 ns
INSTRUCTION ROM 512x23b . 2048 x 24b
DATA ROM 5S10x13b 1024 x 16b
DATA RAM 128 x 16b 256 x 16b
FIXED POINT MULTIPLIER 16b x 16b -> 31b 16b x 16b -> 31b
ALU 16b FIX. PT. 16b FiX. PT.
ACCUMULATOR 2X 16b 2x16b
HOST CPU INTERFACE 8 BIT BUS 8 BIT BUS
SERIAL INTERFACE INPUT/OUTPUT INPUT/OUTPUT

1 CHANNEL EACH 1 CHANNEL EACH

2 MHz 4 MHz
TEMPORARY REGISTER ONE TWO
ADDITIONAL INSTRUCTIONS - JOPLNO

JDPLNF

- modification of RAM column
data pointer M8 - MF

DMA MODE ' - BIDIRECTIONAL
PACKAGE 28 PIN DIP 28 PIN DIP

44 PIN PLCC 44 PIN PLCC
POWER SUPPLY S5V 5V
POWER CONSUMPTION 40 mA (MAX) 40 mA (MAX)
8.192 MHz 8.192 MHz

NEC Electronics, Inc.



BUS
INTER-
FA:E SERIAL 1/0
CONTROL

INTERFACE

uPD77C25

DACK
DRQ

DMA
INTERFACE

INTERRUPT INT
RESET RST } OUTPUT PORT
CLOCK CLK

uPD77C25/77P25 IS PIN-FOR-PIN COMPATIBLE WITH uPD77C20

NEC ELecTronICS Inc, NEC



DSP DiciTaL SieNAL ProcESsING

606600000000t ccdedddddIITIIIIYY
2222000000000 000000000000000000 0
3355220000020 0000000200000000000 2859000

* ¥4 & * >

13e b -9 b 394

¥4 < &4 INSTR.

) -G080 8- &

’ 3
*

t XX ¥

3382

$3:4 MULTIPLIER

$222

seasl  AND ALU - 3geed
S S I I IS EYYVYYYYYYYY »33000
330009

2222350200000 0000 0
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DSP Digital Signal Processing
uPD77C2X HARVARD ARCHITECTURE

:

256 x 168 Multiplier
16x 16 » 31

X
a
4
[

Low

/4 K L
/
/ ]
a <5 o <>
4
| Tz :
£ . M o ]

MUX Rl I

| T
1 1

P Q
___l\i/ / bata
ROM w
ALY 1024 x 16 RP

(EPROM) *

ACCA
ACCB

*uPD77P25

NEC Electronics, Inc.




uPD77C2X MULTIPLIER INSTRUCTIONS

One i ion that does it all!
MOV @KLR,MEM ADD ACCAM DPINC RPDEC

Meaning:

Load one multiplier input from RAM; load the other from Data ROM;
Add product to Accumulator;

Move RAM column pointer. Move Data ROM pointer.

nother sinee instuction where ol dat s in Al

MOV @KLM,MEM ADD ACCAM DPINC M1
Meaning:
Load one multiplier input from High RAM; load the other from Low RAM;

Add product to Accumulator;
Move RAM column pointer. Move RAM row pointer.

NEC Ecectronics Inc, NEC



DSP Digital Signal Processing

SPI/SPI+ COMBINATION INSTRUCTION

Load K Register
Load L Register
Multiply K & L register contents (automatic)
Load product in M & N registers (automatic)
Add product to Accumulator
Move RAM column pointer
Move RAM row pointer
Move Data ROM pointer
Return from subroutine

CRIANRWNE

Any part, any combination, or all of the
above may be part of one instruction

which executes in ope instruction cycle,

NEC Electronics, Inc.
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( )
uPD77C25 / 77P25 DEVELOPMENT ENVIRONMENT

USER PROGRAM
AND DATA

ASSEMBLER| |ASSEMBLER| |ASSEMBLER| |ASSEMBLER
CCP/M MS-DOS VAX/VMS VAX/UNIX
']
HARD WARE
EMALATOR
EVAKIT
-77C25
EPROM SOCKET
VERSION [~ | ADAPTER
uPD77P25
-l PROM
PROGRAMMER
MASK ROM (27C256A )
VERSION
uPD77C25
— ",

NEC



PRECEDING PAGE BLANK NOT FILMED

r

DEVELOPMENT SYSTEM CONFIGURATION

EVAKrr-77C25'§

TARGET SYSTEM

NEC



| | | t l l ! ' ‘ ! ! | |

( |
DSP DicITAL SieNAL ProcEssng

EXISTING 7720 CODE CAN BE ASSEMBLED AS IS

BY RA77C25 RELOCATABLE ASSEMBLER.

MINOR ASSEMBLER DIRECTIVE CHANGES REQUIRED

77C25/77P25 IS DROP-IN COMPATIBLE

WITH 7720/77C20/77P20

NEC Ecectronics Inc, NEC



uPD 7720/77C25 - BENCHMARKS

NEC

7720 77C25
Biquad Filter (2nd order) 2.21us 1.1us
FIR tap 244ns 122ns
Sin/Cos 5.16 us 2.5Us
u/A law to linear 0.49 us 0.25us
FFT (including windowing
it reversal & 1/0)
32-pt 1212us 553us
1024-pt 77ms 35.75ms




NIEG

Advanced Signal Processor

(ASP)




NEC

ASP FAMILY IMPROVEMENTS

DATA 7
ACCURACY
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WHY USE FLOATING POINT? - NEC
Fixed Point - Signals Peak Limited [-1,+1] Floating -point

Inputs are prescaled (precision loss) Higher precision

Prescaling introduces roundoff & Wide dynamic range

truncation error (white noise) 1.7 x 103810 3.5 x 10-45

Alters transfer function (instabilities)
Auto scaling

Signals over/underflow because of
limited wordlength

Programmer must create overflow
checking routines to saturate (clamp)

Overflow causes nonlinear errors and
additional program overhead




uPD77230 Features NE@

® 32-Bit Floating Point Arithmetic Operation
—-8-Bit Exponent, 24-Bit Mantissa

® Also 24-Bit Fixed Point Arithmetic Operation

® External Memory Capability
-Ext. Instruction 4K X 32 Bits
-Ext. Data 8K X 32 Bits

MCP-000716




uPD77230 Features (cont) NE@

® Large Capacity On—-Chip Memories
-Data RAM 1K X 32 Bits
-Data ROM 1K X 32 Bits
—Instruction ROM 2K X 32 Bits

® Two Interface Modes
-Master
-Slave

® Fast Instruction Execution:
150 ns/Instruction for ALL Instructions

MCP-000717




uPD77230 Features (cont)

NIEG

® Single +5 V Power Supply (1Wtyp)
® CMOS Technology (1.5 um)
® 68-Pin Grid Array

MCP-000718




Feature Comparison

Feature

7720A

On-Chip Memory
RAM
ROM Data
Program
External Memory
Data Memory
Prog Memory
Multiplier

Barrel Shifter
Working Regs
Aux. Regs
Internal Bus
ALU

128 X 16
510 X 13
512 X 23

None
None
16 X 16 -> 31

None
2 X 16
1 X 16
16 B
16 B

8K X 32
4K X 32
Mantissa 24 X 24 -> 47
Exponent 8B Adder
Exponent & Mantissa -> 55

47B

8 X 55

1 X 32
32 B

55 B MCP-000719




Feature Comparison (cont)

NIEG

Feature

Parallel 1/0
Serial 1/0
Interrupts

Interface
Performance
Cycle Time (ns)
Multiply / Accum
ADRS Compute
Technology Process
Supply Volts
Power Disp Typical
Package

7720A

8 B
2 MHz
1 Maskable

Slave

250
250
Special But Limited
NMOS
5V
0.6 W
28 -Pin DIP

77230

32 B Master
5 MHz
1 Maskable
1 Non-Maskable
Master/Slave

150
150
Special
1.5 um CMOS
5V
1W
68 -Pin Grid Array

MCP-000720




ASP Floating Point Data Format

2’s Complement Data

Exponent Mantissa

31 23 0o
Internal Bus (32 Bits)

Exponent Mantissa

54 46
Processing Unit Bus (55 Bits)

MCP-000721




SS

22.000-dOW ﬁldxl
sJ19}s1b9 oJjuo

§S m:_foam_ ._n::auw_

\ > 0/l
- lelas

W \k}
nv4 103u0y
.

AdWNd 3 1 o
dYyS 19]|eied
jadieg s)g ¢¢

1 oo LBy indu X L Hl
;111 #\.
gl Y / SS Y 4
)] ‘ opIM S)lg ¢ (dl) snhg ejeg |euldjyj <
[

T [ o \H\

H J%,%._w wx
sHg s)ig sig syoels ze W8>

ce X CLS ce X 2LS ce X Nl sng et 7 oI
INVH ONvVH WOHa 3d
dSV 0€¢.LLAdn

LN




Internal and External Memory Map

NIEG

Instruction Memory

0 2K 4K 8K
Internal External 392
Instruction Not Used Instruction bi
ROM Memory its
\
PC12 = 0 | PC12 = 1 |
| AR12 =0 |
Data Memory ' pc12-0 | pc12-o0
{ AR12 =0 | AR12 = 1
A
Internal Internal Internal External Data External Data
Data Data Data (High Speed (Low Speed
ROM RAM O RAM 1 RAM Required) RAM) ‘
y
0) 1K O 512 0 512 0 4K 8K

MCP-000723

32
bits



uPD77230 ASP External Memory NE@

® 8K External Memory Must be Shared by Instructions
and Data |
-|If 4K External Instruction Memory is Used, then 4K
Maximum Data Memory is Available

® External Instruction Memory Available ONLY in
Master Mode

MCP-000724




uPD77230
ASP External Memory (cont)

o High Speed RAM Area (Lower 4K )
- May Contain Data and/or Instructions

- Single Cycle Load of External Instructions

- 35 ns RAMs
- Two Cycle Load of External Data
- 150 ns RAMs

0 Low speed RAM Area (Upper 4K)
- For Data Only
- Four Cylce/1 Instruction Data Load
- 450 ns RAMs

MCP-000725




PU (Processing Unit)

NIEG

® 55-Bit Floating Point Operation

® 47-Bit Fixed Point Operation

® 47-Bit Logical Operation

® 47-Bit Barrel Shifter

® 8 55-Bit Working Registers

® Continuous Accumulation Capability

® Specific Control of Transfer Between 55-Bit
Working Registers and 32-Bit Bus
-Bit Reverse, Exchange, etc.

MCP-000727
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PU Block NIEG
RAMO,1 M 55
32,1/,{/32*554/32 7

a7 Q
//
48 47
s alil|
EAU > Barrel Shifter
441 far
J
18 |[Flags ALU )
\
A 47

Working Registers

8 X 55 Bits

Tz

Main Bus -

32 Bits

< MCP-000728




PU Block

NIEG

From M Register

From DRAMO,1 —/

SUB Bus 44 , PU Bus
/
82 65
MUX r ;
L1 P 1| L1l _a ]
8 A &7 A8 A7 a7

Main Bus
EAU
A 32
8 4
7
SVR
< pswo_]_ l ALU J
</ _pswi To N
\ \ /
\ 7
A 65
A
. v [ WRO | WR4
10 | wR1 WR5
:{’E WRATC I S WR2 WR6
WR3 WR7
3
o/
~132 /‘;’55

MCP-000729




Floating Point Multiplier NIEGC

® 32-Bit Inputs
® 8-Bit Exponent Adder
® 24-Bit Mantissa Multiplier

® 55-Bit Result
—-8-Bit Exponent, 47-Bit Mantissa

MCP-000730




Multiplier Block

RAMO RA|M1
732 732 »1’32 4’32
\ Mux f— K L MUX 32
/
- .
32 1
FMPY
/1’8 A 47
M
A" 24 MSBS A" 24 LSBS o
4 \ \ J
MUX \ MUX /
Main 3z, /"e 24 A" 23
PU Bus—| Bus —
(55) 23, v
7

MCP-000731




Control Block NE@

® System Clock Output

® Internal Serial Clock Generation

® Non—-Maskable Interrupt

® Maskable Interrupt Which can be Memorized
® 20-Bit Status Register

® R/W Control for Access to/from
External Memory

MCP-000732




Control Block

NIEG

Interrupt
Control

]

M-INT INT

External Instruction IB
Memory (Internal Bus)
]
32
Instruction L, Control
ROM A Decoder Signals
32
4712
/ PCl—+ sStack [/
13 13 13
A4~ 13
\ |
To Address
/\

Bus

MCP-000733




Control Block NE@

Main Bus ; f
32
PC12
. t t
External Instruction —/] 2 Decode
MUX IR £
> lnsggﬁlon
/ L~ L
. 2 KW X A~ 13LSBS _A"13 LSBS
32 32 Bit
12 PCO-PC10.1 11 1/3
External Address -« £ 7y r
PCO-PC11 PC (13 Bit) MU X
A J
y
RD - — AR12
R/W INT STACK |
CNT [~ R/W CNT 8 x 13 Bit[*—|SP
WR <— f«— System
Clock T T
/

INT INTM 13 MCP-000734




Internal Data RAM NE@

® Two Separately Addressable 512 Word Blocks

® Multiple Addressing Modes
-Base Register
-Index Register
-Base + Index Register
-Base Register Modulo Count
(21 - 27 Wrap Around)

® Separate Bus to Multiplier and ALU

MCP-000735




Internal Data RAM Block NIEGC

IB
(Internal Bus)
N\
Base Register 0
< // X 4 //9
32 RAM O 9 , ’
—f » 32 Bits X 7 Base + Index
512 Words 9 ‘
=)
-
42 Index Register 0
RAM 1 [—F
9
N

MCP-000736




Internal Data ROM: NE@

® Two Addressing Methods:
—Addressing by ROM Pointer
-Direct Addressing by Instruction Field

® Special Modification Function:
-ROM Pointer 2™ Add Operation

® ROM Pointer Increment and Decrement

MCP-000737




Internal Data ROM

NIEG

Address Field

in Instruction

__Add 2" Field

in Instruction

32 Data ROM
7 (1 KW X 32 Bit)
Main / MUX \
Bus i 10
410 y
A732
RP CNT |~ Decode
410
MUX \«
// //
, 1o 10
{0 LSBS

RP Mode in Instruction

MCP-000738




Parallel 1/0

NIEG

® Master Mode:

-32=-Bit Data Bus Port
Under ASP Control

MCP-000739




) Main Bus (
{/13 /I/azv

Ad Register Data Register (DR)
PC A 13 321 | Instruction Register
//12 ' [ //32 T
Peiz Address Port Data Port
/1/13 /1/32
External Address Bus External Data Bus

MCP-000740




Master Mode Parallel Interface NE@

32
*7 } Main Bus
DO-D31 33 A 4
7 T|PPI*™PR| L pPc12
LSBS
bty }
'—I MUX Decode '
. L _ |
PC12 > IR —,%—f A 131s8s I~ 1sLses |
e * a +  IROM
' AR 32
\,
O « [ n b 19
) Data Bank | AX [ ARO-ARYL 45 PCO-PC10 ] /
Memory Select / / L 4
nil PCO-PC11 Cc
(13 Bit) MUX
2 MUX t t
<| AO- /
A A A PC12 (SBTQC{(S 1 SP
—_— INT
RD — AR12 CNT Bit)
— <+«— R/W
WR S D { oL |
ock L —_
. INT  INTM MCP-000741
External +—— | — On-Chip



Stand Alone

System Example

NIEG

D
Master /A
ASP A/D
A 32
Data Bus {
> 4 f § A (
A 32 A 32 A4 16
Instruction Data Slave
Memory Memory ASP

MCP-000742




Parallel 1/0 - Slave Mode NIEG

® 8-Bit Local Data Bus (Controlled by ASP)
—Programmable Data Length:
8, 16, 24, or 32 Bits

® 16-Bit Host 1/0 Data Bus (Controlled by Host)
-Programmable Data Length:
16 or 32 Bits

® Two General Purpose I/0 Ports

MCP-000743




Slave Mode Parallel Interface

Y Main Bus (
4
/1/32 /1’32
A 13 DR Register DRS Register
‘ Gen. Purpose 1/0
Set/Test Directly
Y by Instructions
Ad , | 7
Register Flag Reg. Instruction
413 P A" 16 /1/2 /1’2

Local Local Host
Address Data Bus| |Data Bus l'_g‘:g:, (E:tt%l#

Bus Buffer Buffer Buffer
/143 /t/a ,1’16 ,f/z ,1/2
AO-A12 DO-D7 I00-1015 PO, P1 P2, P3

MCP-000744




Slave Mode Parallel Interface NE@

__P2P3 2/ I

I4 < } Main Bus
POP1 2/ |A
7/ l i ' \ 4
ot |2 T K,
C%SU = > Decode
System —y | A Lsos 3
HWR : _ IR
” 13 LSBS
_ ROM < DRl \ f P
DO-DT 8/ | > AR
¥ / IROM
g —
Bank |AX AR12 ‘
Select PCO—PC10 A~ 11 y J -
Data 7
Memory [*] 112 \
12 A {13 Bit)
RO-AR11 7y
AO- t
4 A A1 ‘
) - AR12 Stack
ko R/W INT
— e Clock
WR f 1 /
b e el A v _
External ! On-Chip INT INTM /13 MCP-000745




Slave System Example

Memory

T

Host
Processor

zI’16.

Local Address Bus

| ES
4 16 Host Data Bus
D/A
ASP
«—A/D
4
/"’8 - Local Data Bus
Local
Data
Memory

MCP-000746




Data Port Structure (DPO - DP31)

NIEG

Master

Slave

DO

o

O U OO OUU OO 00U 0O

1

2
3
4
5
6
7
8
9
1

DO
D 1
D 2
D3
D 4
D5
D 6
D7
1/0 0
1/0 1
1/0 2

Master Slave
D 11 1/0 3
D 12 1/0 4
D 13 1/0 5
D 14 1/0 6
D 15 1/0 7
D 16 i1/0 8
D 17 1/0 9
D 18 iI/0 10
D 19 1/0 11
D 20 1/0 12
D 21 1/0 13

Master Slave
D 22 1/0 14
D 23 1/0 15
D 24 HRD
D 25 HWR
D 26 cS
D 27 REQ
D 28 POO
D 29 PO 1
D 30 PO 2
D 31 PO 3

MCP-000747




Serial 1/0

® Selectable Serial Clocks
-Internal or External

® Separate Operation of SI & SO

® Programmable Transfer Data Length
-8/16/24/32 Bits

® 4.13 MHz Serial Clock Rate

MCP-000748




Serial 1/0 Interface NE@

~ > SORQ
Main
Bus SOEN
32
SO .
f———+| SO shifter [ Serial Output
SOAK Flag ~— SO |
g Control SOCK
Internal ,

Serial Clock

Sl LL__sick

\ 4

Control
3? l
Si .
« 7 Sl Shifter [«— Serial Input
SIEN

“N  SIAK Flag -~ MCP-000749




Instruction Types

NIEG

Operation Instruction

31 27 15 13 10

5

oP CNT Pl Q

SRC

DST

Branch Instruction

31 28 15 10

JMP NA Cc

SRC

DST

Load Instruction

31 28

LD Immediate Data

DST

OP = PU Operation

CNT = Control Field

P = P Reg. Input Source
Q = Working Reg. Select
NA = Next Address

C = Condition for Jump

MCP-000750




Instruction Comparison

NIEG

0

22 0
7720 |op| ALU |Pointer] SRC | DST
31l N T~
77230 op CNT SRC | DST
22 0
7720 |sp|conp NA
31 ' N T~
77230 JCOND NA SRC | DST
22 0
7720 |wp Literal Data DST
31£ ‘\ \\\\\\:::\\\\50
77230 |uo Literal Data DST

MCP-000752

Q3WTid LON ¥NVIE 39vVd BNIGROBMC




Instruction Timing Comparison

7720
Instruction Fetch () :::O ::—E)—-——
E /JMP (if any)
Operation 7 R '
Results ¥
77230

Instruction Fetch ()

PCIN
Operation 7 e
Results }ﬁ \

MCP-000753




Various PU Operations

NIEG

® Floating Point ADD, SUB
® Fixed Point ADD, SUB

® Logical Operations

e N Value Shift or Rotate

® Working Register Clear

MCP-000754




Special PU Operations

® Data Normalization Instructions
® Rounding and Normalization Instruction

® Data Type Conversion
Floating— Fixed
ASP <— |EEE Format

® | oop Counter Decrement

MCP-000755




Branch Instructions NE@

® Jump

® Conditional Branch
e Subroutine Call

@ Return

® Local Branch
~OP Instr. Field: 9-Bit Address

MCP-000756




Literal Load Instructions NE@

® Direct Data Load Capability:
24-Bit Word

® 32-Bit Floating Point Data Load -
Capability Using TR Register

MCP-000757




Instruction Examples NE@

Biquad Filter Section ‘

Difference Equations:
W,=x, "ByW,_1-ByW,_,
Yn © wn+A1Wn-1 + A2wn-2 MCP-000758



Instruction Examples (cont)

Biquad Filter Section

Memory Map

00

01

Data RAMO

w

n-1

Wn-2

o]

o

o

00

01

02

03

Data ROM

MCP-000759




Instruction Examples (cont) NE@

Biquad Filter Section
Initial Conditions: WRO = x , BPO = OH, RP = OH

Program:
Step Mnemonics Comments

1. MOV LKRO, ROM K«W__, ; L« -B,
CLR WR1 : clear WR1
INCBPO BPO = O1H
INCRP 3 RP = O1H

2. MOV LKRO, ROM K«W ,;L+-B,
ADDF WRO, M WRO «x_ - B,W__,

INCRP ; RP = 02H

MCP-000760




Instruction Examples (cont)

NIEG

Biquad Filter Section
Program (cont)
Step Mnemonics

3. MOV  LKRO, ROM
ADDF  WRO, M

DECBPO
INCRP ;

4. MOV  LKRO, ROM
ADDF WR1, M  ;

- Comments

K+=W_ ,;L—A,

WRO X - B1Wn_1 -
B,W.., = W,

BPO = OOH

RP = O3H

K<W,_ _,;L—A
WR1 ~A,W__,

MCP-000761




Instruction Examples (cont)

NIEG

Biquad Filter Section
Program (cont)

Step Mnemonics

5. MOV RAMO,WRO
ADDF WR1,IB
INCBPO
INCRP ;

6. MOV RAMO,K
ADDF WR1M
INCBPO ;

Comments

RAMO(00)~W_= new W _,
WR1—-W = AW _,

BPO = O1H

RP = 04H (for next stage)

RAMO(01)+-W _, = new W _,
WR1<«y (for next stage)
BPO = 02H (for next stage)

MCP-000762




uPD77230 Benchmarks

NIEG

Operation Execution Time
Add 0.15 us
Subtract 0.15 us
Multiplication 0.15 us
Division 4.8 us
Reciprocal 4.5 us
Root 6 us
SIN 10.8 us
COS 10.8 us
ATAN 40 us
Biquad Filter (1 Stage) 0.9 us
FIR Filter (32 Taps) 5.25 us
Complex FFT
(32 Points) 150 us
(512 Points) 4.7 ms

(1024 Points)

* 12.6 ms

(use external memory)

MCP-000764
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uPD77230 Support Tools

NIEG

e/

0 Relocatable Assembler Package
o Software Simulator

o In-circuit Emulator (Evakit)

o Program Library

o Evaluation Board




uPD77230 Assembler Package

27

0 Relocatable Code Modules
o Macro Support
o Librarian
0 Pre-assembler
0 Operating Systems
- MS-DOS
- VAX VMS, UNIX
- CP/M-86, MP/M-86




ASP Assembler

NIEG

Pre-Assemble Cross-Reference

List

List

—|

4

Y

Pre-Assembler Assembler

Q

Source Module
for Pre-Assembler

! §

P
>

Object
Module
-

Y

gh%

Source Module

Q

o —

Link Map Execution Record
4
Linker Object
Converter

|

—1¢

Librarian

L9

Object Library List

[

Load Module

Object Library

19

HEX Format
Object Module

MCP-000810
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uPD77230 Software Simulator

0 Supports ANY System Configuration
- Master and Slave, Serial and Parallel /10

0 Interactive and Batch Modes, Macro Commands

o Symbolic Debugging

0 Log and Resource Files

0 In-line Assembly and Disassembly

0 Break, Trace, and Single Step Modes
0 VAX VMS or UNIX




uPD77230 Software Simulator NE@

( uPD77230] <(master mode><fast=non><slom=non><clock=12.50><step= C11> NMI INT

LD: SIMDEMO. LNK SI: PI: LG: TEMP. LOG

CD: S0: TEXP. SOD PO: TEMP. POD RS: TEMP. RES

<Register> I1B: FFFFFFFF000000

IR: 0007 JNFSI SINAIT

pPC: 0008 PSRS: PSRO OE C T 3 OM SR: 00280 sp: O STKO: I1FFF
PSRO: 0 0 1 0 O RI: BRRORD SVYR: 00 STK1Y: 0007
PSH1: 0 0 0 0 O KT: RRBORD STK2: I1FFF

NRO: 00000000000000 SI: 00000000 STK3: 1FFF

RR1: 80000000000000 S0: 00000000 STKN: {FFF

RR2: 00000000000000 TR: 03400000 STK5: 1FFF

RR3: 03400000000000 K: 00000000 STK6: 1FFF

RRY: 00000000000000 L: 00000000 STK7: 1FFF

RR5: 00000000000000 M: 00000000000000 DR: 00000080

RR6: 00000000000000 AR: OFFF LC: 3FF

RR7: 80000000000000 EM: DI BM: KO_BOOKING Nf: TRNORM FD: SPIE

MO: BPO -> 000 (80000000) BPO: 000 BASEO: 3 1X0: 000

M1: I1X1 -> 000 (80000000) BPY: 000 BASE1: O IX3: 000

ROH: RP - 000 (00000000) RP: 000 RPC: 0 RPS: 000"

*break

*register

*go break 3

Bit break #3.
X




uPD77230 Evakit

o Full speed In-circuit Emulation

0 Real-time Trace and Debug Features
o Line Assembler and Disassembler

o Internal/External Memory Mapping
0 Host Independent

o Optional PROM Programmer




uPD77230 Program Library

NIEG

o Pre-programmed uPD77230
o Master or Slave Mode Operation
o Data I/O and Utility Routines
o Floating Point Math Functions
- Trig, Root, Log, etc.
o Signal Processing Functions

- FIR, lIR, FFT, etc.




uPD77230 Evaluation Board

o |IBM PC Plug-in Card with
Pre-programmed Master Mode ASP

o Full External Memory

- 4K x 32 High-speed memory
expandable to 16K x 32

- 4K x 32 Low-speed memory
expandable to 32K x 32

o Serial /O
- On-board Codec/External Input

o Simple Debug Features

- Breakpoint and Register/RAM Dump




uPD 77220 - 24 BIT FIXED POINT DSP NEC

FEATURES

e PIN COMPATIBLE TO 77230, BUT NO FLOATING-
POINT CAPABILITY IN HARDWARE

e ARITHMETIC 24-BIT FIXED-POINT ONLY

e SUB-SET INSTRUCTIONS OF 77230
(NO FLOATING-POINT INSTRUCTIONS)

e FAST INSTRUCTION EXECUTION (150/100 NS)
e REDUCED ON-CHIP MEMORY (2 x 256 x 24 BIT)
e EXTERNAL MEMORY SAME AS 77230

{ | I | | JE | | JR — — — — —




ANALOG
DEVICES

DIGITAL SIGNAL PROCESSING DIVISION

ADSP-2100

Digital Signal Processor






ner ripti

* The ADSP-2100A a single-chip microprocessor optimized for
digital signal processing applications.

* Seven major functional units provide capabilities to rival
bit-slice/building block processors.

Direct memory access to 16K of instruction codes and 32K of
data at full speed.

The architecture allows full parallelism in operations by
performing the following all in one cycle:

-- compute next program address

-- fetch next instruction

-- perform one or two data transfers
-- update one or two address pointers
-- arithmetic operation

Powerful instruction set: all instructions can be executed in a
single cycle.

A complete set of software and hardware development tools
enables a short design cycle.

The ADSP-2100 is fabricated in a high speed 1.0 um
double-layer metal CMOS process and housed in a 100-pin grid
array package.

80 nsec cycle time.

PRBOBDING PAGE BLANK NOT FILMED
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DATA
MEMORY
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ADDR
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System Concepts

« Separate Program and Data buses

14-bit Program Memory Address (PMA)
24-bit Program Memory Data (PMD)

14-bit Data Memory Address (DMA)
16-bit Data Memory Data (DMD)

* Dual-Purpose Program Memory

Program Memory can be used to store data as well as instructions (e.g.
coefficients)

Program Memory Write (PMWR,) line enables both read/write to Program
Memory

Program Memory Data Access (PMDA,) line distinguishes between instruc-
tion and data fetches, and can be used to expand Program Memory

Memory-Mapped Peripheral Interface

Wait state generation capability with Data Memory Acknowledge (DMACK)

signal



Control Signals

-- External devices can gain control of program and data buses with bus re-
quest/grant signals

-- Four external interrupt pins: internally prioritized and maskable; in-
dependently programmable as either edge-or level-sensitive

-- Additional external control using RESET, HALT, and TRAP

Clock Signals
-- CLKIN at four times the processor cycle rate

-- CLKOUT at the processor cycle rate and synchronized to the internal
states



Internal Architecture

Seven Major Functional Units:

-- Program Sequencer

-- Cache Memory

-- Two Data Address Generators
-- Arithmetic-Logic Unit (ALU)

-- Mutliplier-Accumulator (MACC)
-- Barrel Shifter

Separate Program and Data Buses, Extended Off-Chip

-- Data Memory Data (DMD) bus is the primary bus for routing data in-
ternally and to/from data memory

-- Program Memory Data (PMD) bus provides instructions to the instruction
register and a secondary path for routing data to/from program memory

-- Direct connection of ALU/MACC input registers to both DMD and PMD
buses allow dual operand fetches in a single cycle



Program Sequencer allows single-cycled conditional branch and zero-
overhead looping

The internal instruction cache memory acts as an alternate source to the
instruction register and can free the Program Memory for data accesses

Two independent address generators provide data address pointers for both

program memory and data memory

Three independent computational units:

side-by-side arrangement permits flexible operation sequencing

input/output registers isolate computational operations from data
fetches, allowing generous memory access times

two complete sets of registers for each computational unit allow fast
context switching

the R-bus provides a flexible interconnect path between computational
units and eliminates unnecessary pipelining of operands

all computational units have provisions for multi-precision operations



SEVEN MAJOR FUNCTIONAL UNITS

PROGRAM SEQUENCER

CACHE MEMORY

TWO ADDRESS GENERATORS
ARITHMETIC/LOGIC UNIT (ALU)
MULTIPLIER/ACCUMULATOR (MAC)

BARREL SHIFTER



CACHE
MEMORY

A

OUTPUT REGS

OUTPUT REGS

<

(-

R BUS 4& 16,
4

. INSTRUCTION
REGISTER
DATA DATA ! |;
ADDRESS ADDRESS
GENERATOR GENERATOR —P s:ggg:e:ﬁ
21 882
N g PMA BUS 14, 4& l D
L v 4 1
DMA BUS 14, A4 | lr:
| o ” .
PMD BUS 24,
| @ I [L>
BUS
EXCHANGE
@ DMD BUY 150 N/ ﬁ
,J =
AN N AN
INPUT REGS INPUT REGS INPUT REGS
ALU MAC SHIFTER

OUTPUT REGS

<

2100-UM-2.1-8/86

7

PMA

DMA

PMD

DMD



PMD BUS

OMD BUS ‘6 /16 (UPPER)
I/ *
¢ MUX
AX AY
REGISTERS REGISTERS
2x 16 2x 16
16
T 1 * ]
X Y AF
AZ @— REGISTER
AN «¢—
AC ¢— <
AV @— ALU ¢l
AS
AQ «f—
R
16
MUX
AR
REGISTER
16 .
¢ R - BUS
7

ALV BLOCK DIAGRAM




ALU FEATURES

FEEDBACK PATHS

SIX STATUS FLAGS

SATURATION

IMPLEMENTS DIVIDE PRIMITIVES
PROVISIONS FOR DOUBLE PRECISION

COMPLETE SET OF BACKGROUND REGISTERS



ALU OPERATIONS

RITHMETI

XX<<g<
+

+ o+
0O 0 o
-l

fl € XXX
<X s oy
1
b

<
+
-h

Y-1
DIVIDE PRIMITIVES

X AND Y
XORY
XXORY
NOT X
NOT Y

OTHER

PASS X
PASS Y
ABS X
CLEAR



PMD BUS 24,

7
DMD BUS 16/ y, 16 (UPPER)
V4
Yy Vv &
MUX £:>>
MX MY
REGISTERS REGISTERS
2x 16 2x 16

16 16
MUX MUX
R
X Y MF
MULTIPLIER REGISTER
]
40, 32 16//
K
ADD / SUBTRACT
- MV

R2 R1 RO

v vV vV

MUX MUX MUX

8 16 16

MR2
REGISTER

MRt
REGISTER

MRO
REGISTER

xC=Z

16/ i R - BUS

MAC BLOCK DIAGRAM



MAC FEATURES

FEEDBACK PATHS

40-BIT ACCUMULATOR
SATURATION

MIXED MODE INPUT OPERANDS
UNBIASED ROUNDING
PROVISIONS FOR MULTIPRECISION

COMPLETE SET OF BACKGROUND REGISTERS



MULTIPLIER/ACCUMULATOR

OPERATIONS
OPERATION NPUT RMAT
X*yYy SIGNED * SIGNED
MR+X*Y SIGNED * UNSIGNED
MR-X*Y UNSIGNED * SIGNED
CLEAR UNSIGNED * UNSIGNED

ROUND



L

8B
REGISTER

S| )
REGISTER

l«—4 X

vy v

ss
—
EXPONENT
COMPARE DETECTOR
—d 3 m/L:j].-
7 —

|

P

SE =
REGISTER i
] NEGATE

R 3

ol

From [R—
INSTRUCTION
R - BUS

[ } 4

R SHIFTER
¢ ARRAY

e

OR / PASS

P

y

SR1
REGISTER

MUX

il

SHIFTER BLOCK DIAGRAM




SHIFTER FEATURES

ARITHMETIC AND LOGICAL SHIFTS

LEFT AND RIGHT SHIFTS

TRUE BLOCK FLOATING POINT

DIRECT SUPPORT FOR DOUBLE PRECISION

COMPLETE SET OF BACKGROUND REGISTERS



SHIFTER OPERATIONS

NORMALIZE
DENORMALIZE
SHIFT IMMEDIATE
DERIVE EXPONENT

DERIVE BLOCK EXPONENT



DMD BUS

FROM z 5
INSTRUCTION MUX
2 14 14 14 14
/ 4 y 4 FROM
, INSTRUCTION
‘ 4 2
L l_.. I M
REGISTERS “°°g'-é’5 REGISTERS REGISTERS [*—
4x14 LOGI 4x14 4x14
7y
| 3 —
“// ADD
v
BIT
REVERSE DAG1 ONLY
ADDRESS

2100-UM-DAGs—-12/87




Addr nerator
Two independent Data Address Generators: DAG#1 and DAG#2
DAG#1 has "bit reverse” option, and provides addressing for data memory

DAG#2 provides addressing for both program and data memory, including
instruction addresses for computed jump operations

Each Data Address Generator contains:

Four Indirect (I) registers
Four Modify (M) registers
Four Length (L) registers

allowing the maintenance of eight data address pointers at a time

Automatic modulo addressing for circular buffer implementation



DMD BUS

16
ya

COUNTER
LOGIC

STATUS
LOGIC

ARITHMETIC
STATUS

IRQO0-3

COUNT STACK
4X 14

CONDITION CODE (4 bite)

ADDRESS of JUMP (14 bits)

FUNCTION FIELD

ADDRESS of

LAST INSTRUCTION
In LOOP (14 bits)

&

TERMINATION
CONDITION (4 bits)

From INSTRUCTION REGISTER

%

4 LOOP STACK
STATUS 7 4x18
STACK . T
4X 16 7
Y
A4
CONDITION 2
LOOP
LoGic 4 —{ COMPARATOR
STATUS
REGISTERS
18
7~ N
|
| INTERRUPT
CONTROLLER
PROGRAM
PC STACK
Al COUNTER
INCREMENT MUX
A 3
Y NEXT
ADDRESS
NEXT ADDRESS MUX j— SOURCE
SELECT
PMA BUS 1:
I 4

SEQUENCER BLOCK DIAGRAM



r ncer
Four sources for the next instruction address:

-- PC incrementer
-- PC stack
instruction register
interrupt controller

Four stacks:

16 x 14 PC Stack (16 levels of subroutines)
-- 4 x 16 Status Stack (4 levels of interrupts)
-- 4 x 18 Loop Stack (4 levels of nested loops)
-- 4 x 14 Count Stack (5 levels of counters)

Low interrupt processing overhead
-- Two-cycle interrupt response time
-- Interrupt nesting and lockout modes available

-- Secondary data register set for single-cycle context switching

Zero-overhead sequencing of nested DO UNTIL loops of arbitrary length



ADSP-2100
INSTRUCTION
SET



INSTRUCTION CATEGORIES

DATA MOVE INSTRUCTIONS

COMPUTATIONAL INSTRUCTIONS

PROGRAM FLOW INSTRUCTIONS

MISCELLANEOUS



DATA MOVE INSTRUCTIONS

REGISTER <4—¥ REGISTER
REGISTER <4—» DATA MEMORY
REGISTER <4+—» PROGRAM MEMORY

IMMEDIATE VALUE —% REGISTER

IMMEDIATE VALUE ——  DATA MEMORY

EXAMPLES: MXO0 = AY1;
AX0 = DM (ADDRESS);
AYO0 = PM (14, M6);
S| = H#30F8;

DM (10, MO) = 167;



COMPUTATIONAL INSTRUCTIONS

CONDITIONAL ALU, MAC, OR SHIFT OPERATION

EXAMPLE: IF MV SR = ASHIFT MR1 BY -1 (HI);

REGISTER 3? REGISTER
ALU, MAC, OR SHIFT REGISTER <«» DATA MEMORY
OR
REGISTER <4 PROGRAM MEMORY

EXAMPLE: AR = AR + AY0, AYO = DM (10, M1);

—
ALU OR MAC DATA MEMORY =% REGISTER
PROG. MEMORY — REGISTER

EXAMPLE:

MR = MR + MX0 * MYO0 (SS), MX0 = DM(11, M3), MYO = PM(17, M4);



PROGRAM FLOW CONTROL

. CONDITIONAL JUMP
. CONDITIONAL SUBROUTINE CALL
. CONDITIONAL RETURN

. CONDITIONAL TRAP
. CONDITIONAL DO UNTIL



MISCELLANEOUS

SATURATE ACCUMULATOR

MODIFY INDEX REGISTER

PUSH STATUS STACK
POPSTATUS/LOOP/COUNTER/PC STACK

MODE CONTROL

NOP



DEVELOPMENT TOOLS

SYSTEM BUILDER
ASSEMBLER

LINKER

PROM SPLITTER

C COMPILER
SIMULATOR/DEBUGGER
EMULATOR

EVALUATION BOARD



SYSTEM BUILDER

» ALLOWS THE USER TO SPECIFY
TARGET HARDWARE

* USES HIGH LEVEL CONSTRUCTS



FIR FILTER
ARCHITECTURE DESCRIPTION

SYSTEM FILTER_SYSTEM,;
.SEG/ROM/ABS=0/PM/CODE PROG_MEM[4096];
.SEG/ROM/ABS=4096/PM/DATA COEFF_STOR][256];
.SEG/RAM/ABS=0/DM/DATA DELAY_LINE[256],
.PORT/ABS=H#3FFE AD_SAMPLE;
.PORT/ABS=H#3FFF DA_DATA;

.ENDSYS;



ASSEMBLER

SUPPORTS HIGH LEVEL CONSTRUCTS
SUPPORTS FLEXIBLE MACRO PROCESSING
ENCOURAGES MODULAR CODE DEVELOPMENT

PROVIDES A FULL RANGE OF DIAGNOSTICS



.MODULE/ROM
.CONST

.PORT

PORT

ENTRY

FIR_START:

CONVOLUTION:

.ENDMOD;

FIR FILTER
ASSEMBLY PROGRAM

FIR_ROUTINE;
TAPS=15;
AD_SAMPLE;
DA_DATA;
FIR_START,;

CNTR=TAPS-1;

SI=DM(AD_SAMPLE);

DM(10,M0)=SI;
MR=0,MY0=PM(I4,M4),MX0=DM(I0,MO);

DO CONVOLUTION UNTIL CE;
MR=MR+MX0*"MY0(SS),MY0=PM(14,M4), MX0=DM(I0,MO),
MR=MR+MX0*MYO(RND);

IF MV SAT MR;

DM(DA_DATA)=MR1;

RTI;



LINKER

SUPPORTS MULTI-MODULE LINKING

MAPS ASSEMBLER OUTPUT TO SYSTEM BUILDER



SIMULATOR

USER-FRIENDLY INTERFACE: INTERACTIVE AND SYMBOLIC
SUPPORTS FULL SYMBOLIC ASSEMBLY/DISASSEMBLY
SIMULATES HARDWARE CONFIGURATION

SIMULATES /O HANDLING

FLAGS ILLEGAL OPERATIONS

DISPLAYS THE INTERNAL OPERATIONS OF THE ADSP-2100



ADSP-2100 Simulator Screen

AX0
AX1
AYO
AY1l

MX0
Mx1
MYOQ
MY1

SI

uuuu
uuuu
uuuu
uuuu

2000
uuuu
FE8C
uuuu

2000

ALU

AC
AR uuuu AN
AF uuuu AV
AZ

Multiplier-Accumulator

MR2 00 MR1 0042
MF 0000
MV
Shifter
SE uu SR1 uuuu
SB uu ss

Module:

fZBSP—ZIOO Simulator V1.4-00 Analog Devices Inc.

0

o OO

AQ 0

As 0

MRO 0644

0

SRO uuuu

0

CNTR 0000 Astat 00 Mstat 0 Sstat 44
halt
dspp_sim()-CMD_INP_ACKL:

Imask 0
FIR ROUTINE

FIR_SYSTEM
Address Generator #1
I0 0009 MO0 0001 IO 00OOF
Il uuuu Ml uuuu L1 0000
I2 uuuu M2 uuuu L2 0000
I3 uuuu M3 uuuu L3 0000
Addr
Address Generator #2
I4 1000 M4 0001 L4 00OF
IS5 uuuu M5 uuuu L5 0000
I6 uuuu M6 uuuu L6 0000
I7 uuuu M7 uuuu L7 0000
Addr

Data DM 004A PM 3CO0ES5 PX 00
Time 125200
register hex -

Icntl 00

PC 0015

: emulat

~

BASIC SCREEN



ADSP-2100 Simulator Screen

ADSP-2100 Simulator V1.4-00 Analog Devices Inc. FIR_SYSTEM

PM Addr Contents Disassembled Contents

0011 rom 14012E do h#0012 until ce;

0012 rom AQ0000 dm (10, m0)="DATA_BUFFER/h#0000 ;

0013 rom 3CO0F3 imask=h#000F ;

0014 rom 18014F jump h#0014 ;

0015 rom pc> 3COOE5 FIR_START: cntr=h#000E ;

0016 zrom 83FFE8 si=dm(AD_SAMPLE) ;

0017 rom 680080 dm(i0,m0)=s1i;

0018 rom EB89800 mr=mx0*0 (ss8) ,mx0=dm{i0, m0) ,my0=pm(i4,m4);
0019 rom 1401FE do CONVOLUTION until ce;

00l1A rom E90000 CONVOLUTION:mr=mr+mx0*my0 (ss),mx0=dm(i0,m0),my0=pm(id, m4);

a 00 3 0 a : a 0 00 P 00

s ole e R RO C a

dspp_sim()-CMD INP ACKL:

PM

VVVVVYVYYV

Rddress:fir_ start

PROGRAM MEMORY




ADSP-2100 Simulator Screen

ADSP-2100 Simulator V1.4-00 Analog Devices Inc.

DM Addr

0000
0001
0002
0003
0004
0005
0006
0007
0008
0009

- CNTR

dspp_sim()-CMD_INP_ ACKL:

ram
ram
ram
ram
ram
ram
ram
ram
ram
ram
0000

Contents

030E
F698
EBOE
0000
14F1
0967
FCF1
0F37
2000
EBOE

Astat 00 Mstat 0 Sstat 44

FIR_SYSTEM

DATA_ BUFFER:

Imask 0 1Icntl 00
: Module: FIR_ROUTINE H

PC 0015 Time 125200
extend dmemory hex

halt

VVVVYVVY
» o
o X

dress:

DATA MEMORY



ADSP-2100 Simulator Screen

fADSP-2100 Simulator V1.4-00 Analog Devices Inc. FIR SYSTEM \
ADDSYMBOL ALTERNATE BEEP BACKUP CACHE
CHIPRESET CLEARBREAK CLEARSTOPTIME CLEARTIME CLEARWATCH
CLOSE COMMFILE COUNT CYCLETIME DECIMAL
DELETE DM DUMPDM DUMPPM EMULATOR
EXECUTE EXIT EXTEND FINDDM FINDPM
FORWARD HARDWARE HELP HEXADECIMAL INTERRUPT
LOAD MODULES NOBEEP NOSYMBOLIC OPEN
PATCH PLOTDM PM POWERUP PRIMARY
READIMAGE READSYMBOL REGISTER REMOVESYMBOL RESETSTACK
RUN SETBREAK SETDM SETMODULE SETPC
SETPM SETREGISTER SETSTOPTIME SETWATCH SINGLESTEP
STACK STATUS SYMBOLIC TOGGLE TRACE
WIPE XREFERENCE
CNTR 0000 Astat 00 Mstat 0 Sstat 44 Imask 0 1Icntl 00 PC 0018 Time 10200
’ halt : Module: FIR_ROUTINE : emulat trace hex
dspp_sim _INP_2 :
>
>
>
>
> help
(he lp on?: )

HELP



EMULATOR

IN-CIRCUIT EMULATION

NO DEGRADATION IN PROCESSOR PERFORMANCE
INTERFACES TO EXTERNAL INSTRUMENTATION
SELF-EMULATION OF PROCESSOR

SUPPORTS FULL SYMBOLIC DISASSEMBLY

SAME INTERACTIVE, SYMBOLIC USER INTERFACE
AS THE SIMULATOR



EVALUATION BOARD FEATURES

LOW COST DEVELOPMENT TOOL

EVALUATE ADSP-2100A IN REAL TIME APPLICATIONS
ANALOG VO CHANNEL

LINEAR DAC

SAME USER INTERFACE AS EMULATOR AND SIMULATOR
4K DATA MEMORY, 2K PROGRAM MEMORY

EXPANDABLE TO 32K DATA AND 16K PROGRAM MEMORY



C COMPILER

COMPLIES WITH ANSI DRAFT STANDARD XJ311

VALIDATED WITH COMMERCIALLY AVAILABLE VALIDATION
SUITE

PRODUCES ROMABLE CODE
« LITERALS CAN BE PLACED IN RAM/ROM AND DM/PM
*  SWITCH STATEMENT JUMP TABLES RAM/ROM AND

DM/PM

* RUN TIME STACK RAM/ROM AND DM/PM

NEW DATA TYPE FRACT (1.15 FORMAT)

IN LINE ASSEMBLY CODE SUPPORTED

ASSEMBLY SUBROUTINES CALLABLE

COMPLETE FLOATING POINT EMULATION LIBRARY



BULLETIN BOARD SERVICE

ALLOWS UPLOAD AND DOWNLOAD OF PROGRAMS AND
PRODUCT INFO

INFORMATION ON ALL DSP PRODUCTS

MAIL FACILITY PERMITS COMMUNICATION WITH
APPLICATIONS ENGINEERING

QUESTION AND ANSWER FACILITY
AUTOBAUD SUPPORTS 300, 1200, 2400 BAUD RATES
(617) 528 - 5012

NO PARITY, 1 STOP BIT
FULL DUPLEX



BENCHMARK PERFORMANCE
OF THE ADSP-2100

(12.5 MHz VERSION)

BOUTINE

FIR FILTER

COMPLEX FIR FILTER
BIQUAD FILTER SECTION
LATTICE FILTER SECTION
256-POINT RADIX-2 FFT
256-POINT RADIX-4 FFT

1024-POINT COMPLEX
RADIX-2 FFT

1024-POINT COMPLEX
RADIX-4 FFT

4096-POINT COMPLEX
RADIX-2 FFT

4096-POINT COMPLEX
RADIX-4 FFT

256-TAP LMS ADAPTIVE
FILTER UPDATE

TENTH ORDER LPC ANALYSIS
(240-Point rectangular window)

XECUTION TIM

80 nS PER TAP

320 nS PER TAP

560 nS PER SECTION
400 nS PER SECTION
0.88 mS

0.59 mS

4.2 mS

2.9 mS

19.8 mS

14.2 mS

41.5 uS

0.36 mS



AVAILABLE ADSP-2100 LITERATURE

ADSP-2100 USERS MANUAL

ADSP-2100 CROSS-SOFTWARE MANUAL
ADSP-2100 APPLICATIONS HANDBOOK VOL. 1
ADSP-2100 APPLICATIONS HANDBOOK VOL. 2
ADSP-2100 EMULATOR MANUAL

ADSP-2100 EVALUATION BOARD MANUAL
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- TS 68930 -

16/32 BIT MICROCOMPUTER;

INSTRUCTION CYCLE:
COMP, MODES:
INSTRUCTION WIDTH:
[NSTRUCTION FORMATS:
DATA BUSES:

DATA RAM:

DATA ROM:

EXT, MEMORY:

HARD MULTIPLIER:

INT PROGRAM ROM:

EXT PROG ROM (84 PIN):

' PACKAGING:

TECHNOLOGY:
COMPLEXITY:
SILICON AREA:
POWER:

160/ 320
REAL, COMPLEX, DOUBLE PREC
32 BIT

8

16 BITS X 3

2 X 128 X 16/2 X 64 X 32

1 X512 X 16/1 X 256 X 32
4KX16/2KX 32

12,5 M X (16 X16)/ SEC

1 K X 32 BITS

64 K X 32 BITS
48 PIN MICROCOMPUTER (TS 68930)

84 PIN MICROPROCESSOR (TS 68931)
2 uM  N-MOS - TANTALLUM SILICIDE
120 000 DEVICES

57 mM?

1,5 W (48 PIN)

MICROELECTRONICS

(37 SGS-THOMSON
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572

T ELET COM

- TS 68930

- PIN- OUT (48 PIN VERSION ) -

SLAVE SIOE I MASTER S10E

Fo

Al

. XTAL XTAL .
ADDRESS BUS ——~i—{(S0,A0 A AY }—F—o
2 ADDRESS BUS
2 A10, A1} |—F——e
——t—ei{SR/W,S0S 2

BUS CONTROL [ 1

D%, SR/W|——~—e BUS CONTROL

*——f—=1R0Y 0
. 7
Oy 2f=—f—— EXTERNAL EVENTS
(] ]
ADDRESSID:J: ~——t—l=]AD0-AD? 08-03 ‘_'—_—] CONCATENABLE
s
00-0}e—s DATA BUSES
RESET 0/+5V
[
SGS THOMSON AUTLUR: pl\']!,:

MICROELECTRONICS |

LUC- MARY MARS 1986
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sl
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Ly7. SES-THOMSON

BLOCK DIAGRAM

L-BUS
v.a A
"6
R-BUS 8
7
16 1 =k —_
- A0
M IN - DTACK
MULT Te L A £ MAILBOX as SYSTEM
NTR S __
16 % 16 #32 CONTROY™ . u
P 563
fo- ADO.-AD?7
‘ ROUT ] P
c 8
RC ‘ Ij 41 ——
ALU 1 XACU YACU 73 a8 ma :%‘”
1 \ Y .~ Y0 ¢ FeAcy o == LOCAL
STA 416 16 AAM 0 AAM " ROM 0s BUS
128 x 16 128x16 LY 512x16 | CO | EO
X Y c1 e Cﬁ> 00.D15
E% E‘?b % 4 ‘/8 ¥ -
) . >
Z N
Z-BUS 16 4v
7
115
2 INSTRUCTION BUS AMR
{t BUS)
| "] 7o ALt BLOCKS
[od
SEQ aly L
n IROM
128K « 32
L_;‘
] L 3
X1aL EXTAL CLrOuT RESET | BSO BS2. B3 BEC |

BRANCH CONDITIONS

— Ky7. RESTHOMSON



TELETCOWM

TS 68931: EXTERNAL MEMORY VERSION -

EQUIVALENT TO TS 68930 MICROCOMPUTER EXCEPT:

* EXTERNAL PROGRAM MEMORY: 64 K x 32 ( 55 NS RAM )

* EXTERNAL COEFFICIENT MEMORY: 512 x 16 ( 55 NS RAM)
* 84 PIN, LEADLESS CERAMIC CHIP CARRIER

* 1,84 POWER COMSUMPTION (1,5W FOR TS 68930)

AP T OVERAGE :

* PROTOTYPING WITH EPROM (SMALL BOARD PLUGGED IN PLACE OF TS 68930)
* LARGE PROGRAM APPLICATIONS (TS 68930 LIMITED TO 1,2 K x 32)

* LOW QUANTITY (NO MASKING EXPENSE )

* DEVELOPMENT TOOLS ( HDS, EVA PSI)

K-’_i SGS-THOMSON AUTLUR; DATE:
~ MICROELECTRONICS LUC_MARY MARS 1986
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'Fixed real FIR
]

!Fixed complex FIR
{

!Adaptive real FIR
]

!Adaptive complex FIR
]

!BIQUAD Cell real
]

!BIQUAND Cell complex

!'Treillis Form

!

'Exp (30)

!(16 bit precision)
]

!FFT Butterfly

[}

'16 points complex
!FFT

1

'64 points complex
'FFT

!Nb. OF! DATA
'!INST. ‘!
'ROMP !

_____ g,
'

7 ' 1 x 16
}

7 ' 2 x 16
i
7 '
|
9 1
!

8 ! 4 x 16
!

8 ! 4 x 16
]

15 'V 2 x 16
!

15 ' 64 x 16
)
!

4 ! 2 x 16
]

30 ' 32 x 16
!
'

140 1128 x 16
]
1

- PERFORMANCE

- e -

EXECUTION

TIME

D

|
bit/TAp !
bit/TAapP
bit
bit
bit/cCell

bit

bit

bit

OF THE DSP

nsec/TAP
nsec/TAP
nsec/TAP
nsec/TAP
nsec

nsec

nsec/Cell.

nsec

nsec

ysec

e cam ten sem



THE PSI INSTRUCTION SET :

The PSI instruction set is composed of 14 classical or
compound instructions that provide for the input, output,
manipulation and comparison of data. The instruction set is
divided into five functionnal categories. they are :

- 3 calculation instructions :

4 shift instructions :

2 save instructions :

3 branch instructions :

2 initialization instructions :

OPIN, OPDI, OPIM

ASR, LSL, LSR, ROR

SVR, NOP
BRANCH, JSR, RTS

INI, REPEAT

MICROELECTRONMICS

SGS-THOMSON|

Ly

{ { { { { { {




They are single-frield instructions

I I | | |
| SHIFT | SHIFT | SRC | DEST |
| _OPERATION | NUMBER | | |
] I | | ]
| | | RIN | I
| | | P I |
I ASR | 1< SN <15 | T I |
I LSL | 0< SN <15 | Addr.Xx | |
I LSR | 1< SN <15 | Addr.Y I A !
I ROR | 1< SN <15 | Addr.E I |
I I | Addr.c I |
| | | | |
ASR S T, A \ (arithmetically shift right by S bits T
register and store the result in the
accumulator A)
LSL1 p, F \ (logically shift lert Ly 1 bit multiplier
: result register P and store the result in
the fifo F)

ASR 7 45.X, A \ (arithmotically shift right by 7 bits XRAM
address 45 and store the result in the
accumulator A)

ROR 15 100.Y \ (rotate right by 15 bits YRAM address 100
and store the result in the fifo F)

Lyy. RESTHOMSONI [ =



32 branching conditions are possible

(NO)SR, (NO)SI
(NO)CR, (No)cl

14 STATUS conditions NO(Z,) NO) OVF
6 BRANCH ON STATE conditions : ( )( ;

{NO)BEJ), (NO)BE4
8 BRANCH ON EDGE conditions : (NO) BES, (NO)BE6

internal conditions : (NO) RDYOIN

| EVER
2 inconditionnal branches : ALWAYS, N

-~

Ly7, SGS-THOMSON

m MU@@@E&@@F@@MU@(S
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CONTROL AND INITIALIZATION INSTRUCTION : REPEAT

This instruction is a middle le el language instruction, and

it is very helpful for the initialization of the loop counter. The
machine instruction Created is an INI instruction.

eXxamples :

REPEAT 23 TIMES : REAL, NOSAT \

NOP \ )

NOP \

BEGIN
NOP
NOP
NOP
Nop
NOP
NoOpP

END :

A e

—

R It P ————

_ ' o L T T3 i
Lyy. SeS-THomson



Sn -+

Ct

VA

BIQUADRATIC FILTER

CJ

L on2 VIL |

{

Ly,

{

SGS-THOMSON |
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ALGORITHN :

The 2 equations require the execution of 4 main operations
:

= Calculate D, ¢ 4 reads, 2 multiplications,
2 additions

- calculate R, ¢ 4 reads, 2 -ultlplications,
2 additions

~ replace D by Dh.; ¢ 1 write

= replace On.y by D, : 1 vrite

Number of multiplications
Number of additions
Nunber of reads

Number of writes

18 operations

1013
N aan

The processor takes 6 cycles to realize the biquad

filter

a7

™

SGS-THOMSON |

L2l

MICROELECTRONICS ,




A pipelined architecture allows the throughput of the
operations to be accelerated but with consequences that
some of them will take more than 1 cycle. In the processor
the consequences of the pipeline are seen in 2 ways:

- When in instruction IN : The result of a multiplication
is available if this multiplication has been started
at Instruction IN-2 or before.

= When in instruction IN : if results are transferred back
(wvrite bus or Z-BUS) from the RALU to the memories ,
these results must have been calculated in the
instruction IN-1 or before .

anttus

X RN}

SGS-THOMSON || L L3o
MICROELECTRONICS




PSI PROGRAM FOR A BIQUADRATIC FILTER

* BIQUADRATIC FILTER "

INI REAL, NOSAT ; ;X0 0 \
INI REAL, NOSAT ; 3 CO 0\
OPIN } LDL [CO)+, M ; LDR [X0]+, N ; TRA R, F \
OPIN } LDL {CO)+, M ; LDR [X0)-, N ; \
OPIN i LDL [COJ+, M ; LDR [X0)+, N ; ADD P A , A \
OPIN i LDL (CO)+, M ; LDR [XO)~, N ; ADD P A , A \
OPIN ST A, [X0)+ ; ; 1 ADD P A , A\
OPIN ST F, (X0)- ;: : 1 ADD P A , A\
NUMBER OF CYCLES : 6 + 2

Lyy SGS-THOMSON | S T

n MICROELECTRONICS



PSI PRQGRAM FQR A CASCADE OF N BIOUADRATICS FILTERS

» CASCADE OF N BIQUADRATIC FILTERS ( N > 1)"
INI REAL, NOSAT ; EF 0 ; X0 0 \

INI REAL, NOSAT : CO O \

OPIN ; LDL [CO)+, M ; LDR [X0)+, N ; TRAR , F \
OPIN ; LDL [CO)+, M ; H \
REPEAT (N-1) TIMES; REAL, NOSAT \

BEGIN:

OPIN ; LDL [CO)+, M ; LDR [X0)+, N ; ADD P A , A\
OPIN ; LDL [CO)+, M ; { ADD P A , A\
OPIN ST A, [X1)+ : ; $: ADD P A , A\
OPIN ; LDL [CO)}+, M ; LDR (X0)+, N ; TRAR , F \
OPIN ST F, (Xl)+ ; LDL (CO)+, M : : ADD P A , A\
END: ,

OPIN ; LDL [CO)+, M ; LDR {X0) , N ; ADD P A , A\
OPIN ;: LDL (CO}+, M : :§ ADD P A, A\
OPIN ST A, (X1])+ : : { ADD P A , A\
OPIN ST F, (X1) : ; ; ADD P A , A\

~NUMBER OF CYCLES : 5x(NUMBER OF FILTERS) + 1 + 3

L7 SGS:THOMSON S WY,

MICROELECTRONICS



-~ TSG0950/51/52

MODEM ANALOG FRONT END
(MAFE)

TELECOM MARKETING SGS-mOMSON
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TS 68951

THE TS 68951 IS THE RECEIVE SECTION OF THE ANALOG MODEM FRONT —-END
WHICH, ASSOCIATED WITH A DIGITAL SIGNAL PROCESSOR, AS THE TS 68930,
REALISES VOQICE - GRADE MODEM APPLICATIONS CONFORMING TO CCITT AND
BELL RECOMMENDATIONS.

MAIN CHARACTERISTICS :

. A/D CONVERTER 12 BITS MULTIPLEXED ON TWO PLESIOCHRONOUS CHANNEL
(ON CHANNEL FOR ECHO - CANCELLATION)

. 7 TH. ORDER BAND — PASS PROGRAMMABLE FILTER

. BACK-CHANNEL REJECTION AND SWITCHED SMOOTHING FILTER

. CONTINUOUS -~ TIME ANTI - ALIASING AND SMOOTHING FILTER

. 0 TO 46.5 dB PROGRAMMABLE GAIN AMPLIFIER

. THRESHOLD PROGRAMMABLE CARRIER DETECT LOGIC

. 8 BITS STANDARD BUS FOR DIGITAL INTERFACE

- KIT WITH TS 68950 AND TS 68952

. CMOS Sl - GATE TECHNOLOGY

. +/-5V POWER SUPPLY

. 24 PIN PLASTIC PACKAGE

e (57, $G5,THOMSON
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TS68930/PS|
XTAL 8 T6MHz
'.—————-——b——~——.——'— ~ T —————e
l ! |
Termmal clock l OPLL.— T l
. | * cloch generanon [ Tx clocks Cxo ' Opteongt
|
l Tu signat
T:CCLK | 1200 A CLKO ——H ;E o F l
TaRCLK I F'P 2o - T fitor Attenustor l
2} - ’
y | TaCCLi | Eshmated echo 4 :
y
8 =
. $ |l o] cTaL = |
¢ gial —
- ows '
processor 8-bit bus ,
7300930131 l/} :
4 ' Carner
AxCCLK |, .
AxRCLK /]2 : . n-clcu« de'::c'l'm e:::'l
!mn.l"\
T«CCLK
| \r—.fk AGC Smooihing - x, S00s!
I 12.bat " e Sher Y é')’ X
| Aoc (_Residual signal ki 2 ne
T RAxlier
i awo Lme
|
OPLL — R
l clock .m.':m -~ Rx clocks
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Echo Cancellation — based System

—

BULK Near Echo
DELAY

LUNE

1 + w

FAR TwoL;ou';ite
NEAR

EC EC HYBRID —J——-—

Far Echo
Far Signal

4——{ RECEIVER




—
—
—
—
——
—
—
—
—
—
—

transmitted signal

y o ¥
-

ATT

\

{low distor tion)v

lTx CLK
o/a —o ATT estimated echo /
ECHO CANCELLING LOOP {

) lTx CLK

Iy
318
1

"

DSP

{high resolution)

A/D e residual signal '
local é Zjine

Tx Ak echo

in CLr"(ecelve AGC ‘l - -

a/p |eSanal__ <f<] —] S/M 4-é4 R
X o
N ’,’ Ein

without :ch-o-sancelling

T

{moderate resolution)

SIMPLIFIED ANALOG FRONT-END DIAGRAM

e 37, SE.THOMSON
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- TS7532
V.32 MODEM CHIP SET

- BLOCK DIAGRAM

4KX18
| RAM
% D00-D16
1576320 TX AFE
me—ar————
’ £ C *1 Tseasso TO DAA
‘ D8 -D16| opg . AD?
TO CONTROL TS75321
PROCESSOR ? ITRANSMITTER ADO - ADJ DO -D?
1575322 RCV AFE M
et
DO -D7? RECEIVER TS68951 FROM DAA
. D8-DIE T ACV
14 CLK CLK
2KX16 | CLO-CK
ARAM 1568952

_ J
N7, SGS=THOMSON
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DD

DEVELOPMENT TOOLS

HDS-PSI : STAND ALONE SOFTWAHE & HARDWARE
DEVELOPMENT STATION

EVA-PSI :LOW COST STAND ALONE EVALUATION BOARD

SOFTWARE :
- LIGNE BY LIGNE ASSEMBLER/DESASSEMBLER

. MACRO ASSEMBLER
. FUNCTIONNAL SIMULATOR

TELECOM MARKETING ‘
OCTOBRE 86 ™

IR el amry e d -

SGS-THOMSON
MICROELECTRONICS




MACRO ASSEMBLER

A/ EFFICIENCY OF THE CODE
- ASSEMBLY LANGUAGE WITH 4 FIELDS L BUS SOURCE
" R BUS SOURCE
OP CODE
Z BUS DESTINATION
— KEEP ADVANTAGE OF PARALLEL ACHITECTURE

— USE ALL AVAILABLE RESSOURCES AT MAXIMUM SPEED

B/ EASE OF PROGRAMMING
-~ WHERE SPEED IS NOT A MUST

~ "68000 LIKE” ASSEMBLY LANGUAGE

TELECOM MARKETING

(y7 SGS-THOMSON

OCTOBRE_86

MICROELECTRONICS




FUNCTIONNAL SIMULATOR  APS/MUL

-~ RUNS ON 1BM~-PCXT,AT AND VAX (VMS OR UNIX ) , MICROVAX (ULTRIX)
~ 1000 INSTRUCTIONS/S ON VAX

-~ STEP BY STEP EXECUTION

~ BREAKPOINT ON VALUE OR ADRESS

-~ TRACE
- ACCESS TO ALL INTERNAL REGISTERS AND MEMORIES

INPUT-OUTPUT SIMULATION THROUGHT FILES
- FOR ADC & DAC ,EXTERNAL MEMORY
- FOR BRANCH INPUT
~ FOR SYSTEM BUS ( MAILBOX FIFO IN & OUT)

AUTEUR 7, SGS -NOMSON
i [ ~ MICROELECTRONICS'
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EVA-PSI
LOW COST EVALUATION & EMULATION BOARC

. SINGLE 26 cm x 24 cm BOARD

. 68000 BASED MONITOR

. LINE/LINE ASSEMBLER/DESASSEMBLER

. PROGRAM DOWN - LOADING FROM HOST OR HDS - PSI
. SOPHISTICATED BREAK POINTS

. TWO RS232 SERIAL LINKS FOR: . TERMINAL

. HOST
. PRINTER

. FREE WRAPPING AREA (80 cm2) FOR APPLICATION

SCS-THOMSON

OCTOBRE 86
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THE ASSEMBLER AND THE REVERSE ASSEMBLER

INCLUDED IN THE EVAPSI FIRMWARE.

IT GIVES A QUICK WAY TO DEBUG AN APPLICATION DIRECTLY ON THE
EMULATOR,

IT ALLOWS THE PROGRAMMER TO PATCH THE PROGRAM MEMORY OF THE
EMULATOR IN ASSEMBLY LANGUASE WITHOUT MODIFY THE SOURCE FILE
AND WITHOUT USING THE MACRO ASSEMBLER.,

THE REVERSE ASSEMBLER ALLOWS THE USER TO READ MEMORY PROGRAM
CONTENT IN ASSEMBLY LANGUAGE RATHER THAN HEXADECINAL.

572

SGS-THOMSON Lanienen 3o
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TS68930 —31 DEVELOPMENT TOOLS

HDS PSI EMULATOR

— INTERACTIVE MENU DRIVEN INTERFACE
_ BACKUP OF HDSPSI CONFIGURATIONS IN CMOS RAM (64K)

— MULTIPROCESSING — UP TO 4 EMULATOR\L.A CONTROLLED BY A USER
— MULTIUSER — UP TO 4 USERS CONTROLLING INDEPENDANT EMULATOR\L.A.

— REAL TIME EMULATION — INTERNAL,EXTERNAL OR APPLICATION CLOCK

— 64 K x 32 INSTRUCTION MEMORY

— SOPHISTICATED BREAKPOINTS (20 ON ADRESS,8 COMPLEX (N ADR.1 FOLLOWED BY M ADR.2))

— PSEUDO REALTIME TRACE PROVIDING INTERNAL REGISTER EXAMINATION WITHOUT

PERTURBING EXECUTION
— 4K x16 BITS EXTERNAL DATA MEMORY — MAPPING ON A WORD BASIS

&7 SGS-THOMSON
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D.S.P. and MAFE AVAILABILITY PLAN

. ENGINEERING QUALICATION PRODUCTION
IC’S AVAILABILITY : SAMPLES SAMPLES B
-1568930 - D.S.P. WITH INTERNAL ROM (not applicable) .gggf,we now Available
-T7$68931 - D.S.P. ROMLESS Available Available Avallable
- TS68950/51/52 - MAFE KIT Available Available Available

TELECOM MARKETING momsou
- IYI mﬁlﬂ(@G’B@Eﬂ,[E@TTE’B@[R{IU@S
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D.S.P. and MAFE AVAILABILITY PLAN

SOFTWARE DEVELOPMENT TOOLS

MACROASSEMBLER IBM - PC(XT,AT) AVARABLE
. VAX-WMS .
" VAX - UNX
- YAX - ULTRIX

SMULATOR BM-PC AVALABLE

YAX - YMS
VAX - UNOGULTRIX

ROUTINE LIBRARY BM-PC

AVALABLE

TELECOM MARKETING ‘ SGS.TH
OCTOBRE 86 - ’
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D.S.P. AND MAFE AVAILABILITY

MODEM ORIENTED SGFTWARE

~V22 bis (2400 BPS MODEM) Q vy

This program will have In back mode the V21,¥22,V23,BELL103 and BELL212A.
An applicalion note will be Issued.

~V32 (9600 BPS MODEM) END &7

1) Echo cancellation software applicalion note will be provided (mid 87)
2; We °ll provide a full V32 modem chip set (end 87)

.

OCTOBRE_B86
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D.S.P. and MAFE AVAILABILITY PLAN

ARD!{ARE DEVELOPMENT TOOLS

-EVAPSI - STAND - ALONE EMULATOR AVAILABLE

- HOSPSI - MULTIPROCESSOR HARDWARE DEVELOPMENT AVAILABLE
SYSTEM WITH LOGIC ANALYSIS

- EVM MAFE - MODEM ANALOG FRONT END EVALUATION BOARD  AVAILABLE
- PS1 REPROM - REPROM MODULE WITH ROMLESS T568931 AVAILABLE

NOTES:

(1) EVAPS! emulator and IBM-PC macroassembler are the minimum lools for the devsiopment of an applicafion
(2) HOSPS! : wp lo 4 (emulation + logle 'mly:la) boards

(3) PSI REPROM module Is pluggable In a 48 DIP (TS68930 D.S.P. ROM VERSION) sockel. Developped for prololyping

OCTOBRE 86
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TS68930—31 SUPPORT TOOLS

PSI-REPROM MODULE

— MODULE WITH ON BOARD

«Pp TS68931 : D.S.P. MICROPROCESSEUR VERSION

=P REPROM FOR PROGRAM (2K*32)
=P REPROM FOR COEFFICIENT (512*16)

— PLUG IN TS68930 — 48 DIL SOCKET.

— SMALL SIZE (6CM) ; VERTICAL OR BENDED VERSION

— APPLICATIONS:

=P PROTOTYPING OF TS68930
e=p PRESERIES FOR FIELD VALIDATION

AUTEUR
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TS68930—31 DEVELOPMENT TOOLS
HDS PSI LOGIC ANALYSER

—LOGIC ANALYSER ASSOCIATED WITH EMULATOR (UP TO 4)

— REAL TIME TRACE; 2K DEPTH,95 BITS WIDTH
— SYNCHRONOUS ON SYNC. NO,ASYNCHRONOUS ON SYSTEM BUS

—TRIGERRING FEATURES ;

-~ ADRESS BUS (SIMPLE ADRESS ORAFTER N ADR.1 FOLLOWED BY M ADR.2)
—VALUE ON D BUS

— BRANCH CONFIGURATION
— EXTERNAL INPUTS OR START OF MAILBOX EXCHANGE

— BEFORE , AFTER, AND BETWEEN BOUNDS TRIGERRING

—TIME MEASUREMENT FONCTION

— (57, 555 THomSON
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DEBUS MONITOR

THE HDS PSI AND EVAPSI ARE CONTROLLED BY THE MONITOR PROGRAM.
DEBUG MONITOR IS INTERACTIVE MENU ORIENTED.

EASY TO USE. NO LEARNING TIME

KEY FEATURES :
- READ AND MODIFY ALL MEMORIES. INTERMAL REGISTERS AND INPUTS/OUTPUTS
RELATIVE TO THE PSI,

- CONTROL PROGRAM EXECUTION, BREAKPOINTS. STEP BY STEP,
- INFORM THE USER AT ANY TIME OF EMULATOR STATE.

- LOAD OBJECT FILES FROM HOST,

- SUPPORT ASSEMBLER AND REVERSE ASSEMBLER.

K?I- SGS'THOMSON LARIenon 3.7 Y

~ MICROELECTRONICS



EVAPSI STAND-ALONE EMULATOR
KEY FEATURES

- FULL SPEED EMULATION (Tcycle=160ns)
~ PROGRAM MEMORY 2K 32 bits INSTRUCTIONS
- 2K EXTERNAL LOCAL D.S.P. MEMORY
- MAILBOX EMULATION
~ HIGH LEVEL BREAKPOINTS : 20 BREAK AT ADR. N
8 BREAK AFTER N ADR.1 FOLLOWED BY M ADR.2
- PSEUDO-REAL TIME TRACE PROVIDES INTERNAL REGISTER EXAMINATION WITHOUT
PERTURBING THE APPLICATION
- STEP BY STEP MODE
-~ PROBES FOR 48 DIP TS68930 AND 84 PGA TS68931
- USER FRIENDLY MENU
- 2 RS232 LINKS FOR HOST,PRINTER,PROM PROGRAMMER,....
~ PROVIDED WITH CMOS RAM WITH BATTERY FOR BACKUP

REFRENCE oaTe MICROELECTRONICS
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VAX

RS232

IBM PC

VAX \

RS232

DEVELOPMENT TOOLS
2 SOLUT|QNS

term.

EVA PS|

supply
5V

HDS PSI

]

application

IBM PC

application

AVAILABILITY

NOwW

Ky_i SGS-THOMSO

n MICROELECTRONICS




MACROASSEMBLER  PSIMAC

—  RUNS ON IBM-PCXT,AT AND VAX (VMS OR UNIX) OR MICROVAX (ULTRIX)

— MACRO DEFINITION AND MACRO CALLS

- CONDITIONNAL ASSEMBLY

— HIGH LEVEL LANGUAGE LOOP FACILITY (REPEAT , BEGIN , END)
- MULTIPLE QUTPUT FORMAT GENERATION

. — DATA MEMORY FILES GENERATION

#}8 - SIMULATION FILES GENERATION

- POWERFULL EXPRESSION FACILITIES

(N7 SGS- 5
Y/ . mmf@g@g&gﬁnm’zl@sm?@h@l

HE FERENCE DATE
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MACRO ASSEMBLER

" . MACRO DEFINITION AND MACRO CALL
. CONDITIONAL ASSEMBLY
. HIGH LEVEL LANGUAGE LOOP FACILITY
. MULTIPLE OUTPUT FORMAT GENERATION
. DATA MEMORY GENERATION
. SIMULATION FILE GENERATION
. POWERFULL EXPRESSION FACILITY

TELECOM MARKETING ‘
OCTOBRE_86 . |
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- MODEM APPLICATION COVERAGE -

STANDARD SPEED (BPS) DSP l MAFE STANDARD MEMORY 0CTAL
TS 68930 TS 68950,1,2| (55 ns, C-MOS) BUFFER
B 201/ V 26 2600 HD 1 1 0 0
B 208/ V 27 4800 HD 1 1 0 0
B 209/ V 29 9600 HD 1 1 0 0
v 33 14400 HD 2 1 2x2Kx 8 0
'
V 26 TER 2400 FD/EC 1 1 2x2Kx 8 1
v 32 (4800) 4800 FD/EC 2 1 2x2Kx 8 0
v 32 (9600) 9600 FD/EC 3 1 y x 2K x 8 0
9600 KD/FP 2 1 0 0

HD: 24 HALF DUPLEX OR 4W FULL DUPLEX
FD: 2W FULL DUPLEX

EC: ECHO CANCELLATIOM
FP: FAST POLL (15 MS ON LEASED LINES )

/ SGS-THOMSON AUTEUR: DATE:
Y/ . MICROELECTRONICS LU MARY 1ns 1986




157532

V.32 MODEM CHIP SET

FEATURES -

Integrated implementation on three DSP and three MAFE chips.
CCITT V.32 compatible modem chip set.

Full duplex operation at 9600 and 4800 bps.

Full implementation of the V.32 handshake.

Single DSP cancellation of both near-end and far-end echoes.

Two satellite hops and frequency offset capabilities for the far end echo canceller.
Trellis encoding and Viterbi decoding.

12.5% roll-off raised cosine transmitter pulse shaping.

High performance passband fractionally spaced adaptive equalizer.
Signal quality monitoring.

Parallel interface to standard microprocessors.

Bit rate data clocks provided for synchronous data transfer.

Full diagnostic capability.

DTMF generation.

Call progress tone detection.
Future upgrades to include V.22bis, V.22, B212A and FSK without hardware modification.

‘Y_I'SGS-—THOMSON J

» MICROELECTRONICS



Digital Echo Canceller with Analog Cancellation

D/A  jeeecs! FILTER e

¢ d
EC H
=
AD | | D/A

| INT. I !1

Receiver




-~ mopem | ' MODEM
| |
| | ‘
| |
—> TX. i 5 TX. [¢=—
: }
| |
: ~ !
i l Four —wire | ] 5
H ot 1y Carrier H jombes| H
Two L wire Two -+ wire
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TS 68952

THE TS 68952 SYNTHETISES ALL THE REQUESTED CLOCK FREQUENCIES FOR

i VOICE — GRADE MODEM APPLICATIONS CONFORMING TO CCITT AND BELL
RECOMMENDATIONS. IT PARTICULARLY SUPPLIES ALL CLOCKS REQUESTED BY
THE TRANSMIT (TS 68950) AND THE RECEIVE (TS 68951) SECTION OF THE '
MODEM ANALOG FRONT - END AND BY THE DIGITAL SIGNAL PROCESSOR (TS 68930)

MAIN CHARACTERISTICS :

. DPLL TRANSMIT AND RECEIVE TIME-BASE
. FREQUENCY PROGRAMMATION AND SYNCHRONIZATION OF DPLL THROUGH
8 BIT STANDARD BUS
. POSSIBLE SYNCHRONIZATION OF TRANSMIT TIME -BASE ON DATA TERMINAL
EQUIPMENT CLOCK OR ON EXTRACTED RECEIVE CLOCK
. FOUR AVAILABLE CLOCKS (PLESIOCHRONOUS TRANSMIT AND RECEIVE) :
BIT - CLOCK, RATE - CLOCK, SAMPLING AND MULTIPLEXING CLOCK
. KIT WITH TS 68950 AND TS 68951
- CMOS SI-GATE TECHNOLOGY
. SINGLE + 5V. POWER SUPPLY
. 28 PIN PLASTIC PACKAGE

TELECOM MARKETING = OMSON I'
e Kys n S T OTONCS

IR ol sy @ § ane L 1]




TS 68950

THE TS 68950 IS THE TRANSMIT SECTION OF THE ANALOG MODEM FRONT - END
WHICH, ASSOCIATED WITH A DIGITAL SIGNAL PROCESSOR, AS THE TS 68930,
REALISES VOICE - GRADE MODEM APPLICATIONS CONFORMING TO CCITT AND
BELL RECOMMENDATIONS.

MAIN CHARACTERISTICS :

- D/A CONVERTER 12 BITS MULTIPLEXED ON TWO CHANNELS (ONE CHANNEL
FOR ECHO - CANCELLATION)

- 6 TH. ORDER LOW - PASS FILTER AND SMOOTHING CONTINUOUS - TIME FILTER

. 0 TO 22 dB PROGRAMMABLE ATTENUATION

. 8 BITS STANDARD BUS FOR DIGITAL INTERFACE

- KIT WITH TS 68951 AND TS 68952

. CMOS S!-GATE TECHNOLOGY

. +/-5 V POWER SUPPLY

. 24 PIN PLASTIC PACKAGE

OCTOBRE_86 ™
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Example 2 : D, = Y, + Cp.

(Fig 2.3.2B)

In example 1 the operation takes 4 cycles. If the
operation is repeated (as it is
processing) the delay remal
throughput is a totally different matter. It will

the case in signal

ns the same but the

depend on the number of operations possible in 1

cycle.

L R b4
N| NOTES 8us | BUS MULT RALVY BUS
1 Co X0 Co Xo
2 Yo Yo

)|
b (of} X Ci Xa \ Co.Xo ¢+ Yo “-\
e Y \ Y Do
S C: X2 C2 X2 Ci. X1 ¢ Y
s Y2 \ Y2 O
7 o C2. X2 « Y2 \-\
A

o 02

IS74

SGS-THOMSON |
MICROELECTRONICS
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MICROELECTRONICS
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Example 1 : D = Y + C.X
This equation will take 4 cycles (1 to read, 2 for
the multiplication and 1 to write).
N | NOTES BtLJS A MULT A 4
{1 BUS ALY aus
! c x c x
2
. Lo
‘y scs-momso | L auttun
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IMPLEMENTATION

The algorithm is shown for the first sample (n = 0)
(1) Do - So + CI.D-I + C2.D_2

(2) Ro - Do + CJ.D_) + c‘-D_z

giving

So = input samples

D_1 +D_y = intermediary results
Ry = output results

Cl, C2, C3, C4 = coefficients

The variables and coefficients are located as follows :
So = input sample in A accumulator
Doy » D_y = intermediary results stored in XRAM

Ro = output result , will be left in
A accumulator

Cl, C2, C3, C4 = coefficients in CroM

(y7 SGS-THOMSON |~ R,

~ MICROELECTRONICS



The equations of the biquadratic filter (commonly called
biquad) can be written as :

(1) D, = S, + Cl.D,_, + C2.D,_,

(2) R, = D, + Cl.Dh.y ¢+ CA.D, .9

with

Sn = {nput samples

Dp-y +Dp-2 = intermediary results
R, = output results

c1, €2, C3, C4 coefficlients

{

&7,

{

s - ayteun
258 Tiowson
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EXAMPLE OF PSI PROGRAM : A BIQUADRATIC FILTER

_ ‘*] YT (13
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This instruction has 3 fields :

- MODE FI1ELD

This field provides the initialization of the MODE and SAT
bits of the STATE REGISTER.

operating modes :

3 operating modes can be chosen @
. RCAL mode (16 bits lenght data and ALU)
. CPLX mode (2x16 bits lenght data and ALU)
. DBPR mode (32 bits lenght data and ALU)

saturation mode :

If the saturation mode is chosen (SAT=1), the ALU result is
forced to the greatest positive value ($7FFF) in case of positive
overflow, or to the greatest negative value ($8000) in case of
negative overflow.

Oat ¢
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2AVE INSTRUCTIONS ; SVR, NOP

SVR and NOP are single-field instructions
( NOP \ is equivalent to SVR D, \ ).

SRC

X0 ) X0, X1 cannot be saved in XRANM.
RAM YO, Y1 cannot be saved in YRAM.

R

Lyy. SESsTHOMSON =



CALCULATION INSTRUCTIONS { OPIN, OPDI. OPIM

They are three or four field instructions :

1) Z field, which allows transfer of previously obtained
results towards other resources “(specially in RAM),
by means of bus Z.

2) L £ield and 3) R field which allow the nultiplier
inputs to be loaded and the operands to be brought at
ALU input.

4) The ALU field which completes ALU operations on the
operands, and updates the status register.

Writing an OPIN, OPDI, OPIM instruction should be carried out
respecting the general and special rules stated below :

- ERAM (external RAM) and CROM (coefficients ROM) cannot be
simultaneously addressed in an instruction.

- An memory cannot be a source and a destination in the sane
instruction.

- Two different addresses of a same menory cannot appear in
the same instruction.

o7

{
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PROGRAMMING  WITH THE PSI ( TS 68930 - TS 68931 )

[77 SGS-THOMSON | ™
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T E L EC O M

- DSP DEVELOPMENT - TOOLS -

FOR EACH STAGE, APPROPRIATE TOOLS ARE PROVIDED:

* 1) HOST COMPUTER SIMULATIONS:
- ASSEMBLER  (PSI ASM)
- SIMULATOR  (PSI MUL)

* 2) REAL TIME EMULATION:

- HARDWARE DEVELOPMEMT STATION (HDS)
- EVALUATION BOARD (EVA PSI)

* 3) PROTOTYPING:

- TS 68931 WITH FAST C-MOS SRAM (55 NS)

SGS-THOMSON ———
MICROELECTRONICS AUTEUX

LUC MARY

DATE:

FARS 1986




T568930/31 KEY POINTS OVERVIEW

FEATURES BENEFITS

TRUE HARVARD ARCHITECTURE amlp SAME EXECUTION TIME MCU\MPU VERSIONS
NO INSTRUCTION \ DATA BOTTLENECK

3 DATA BUSES emlp 2READ, 1 WRITE IN ONE CYCLE
(MULT\ACC & UPDATE COEF IN ADAPTIVE FILTERS)
ON-CHIP RESSOURCES am)p MINIMUM PART COUNT

(RAM's,COEFF. ROM , PROG. ROM)
COMPLEX DATA PROCESSING amlp 1 COMPLEX MULT.\320ns 12.5 MEGA REAL M\S

REPEAT INSTRUCTION BLOCS emlp» CODE COMPACTION

LOCAL BUS (16 bits or 2x8 bits) ey EXTERNAL DATA READ or WRITE AT FULL SPEED
NO GLUE REQUIRED TO CONNECT PERIPHERALS

SYSTEM BUS ( and MAILBOX ) amlp STRAIGTHFORWARD MULTIPROCESSOR CONFIGURATIONS

CONNECTION WITH HOST CPU WITH DIFFERENT SPEED
NO GLUE '

‘ [;'I' 9GS-THOMSON
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SYSTEM CONF | GURATION

ADDRESS BUS —
> P'cs
TS68000 ___ TS689S0
AO RS
— ‘ N
0S N SOS
R/W N R/W
4 DTACK DTACK
L IPLO-2 .
N 7 IRQ
’ <
A DATA- BUS LS348
N
SYSTEM BUS
‘ SGS-THOMSON —
7[ MICROBLEGTRONCS 1 |

{ [ [ [ ( f { | { { | {




to others DSPs

and/or RAMs
Terminal clock ~,: E
baud :s
Tx { sampling } clocks;: 1
4 Tx clock
+ ;: generator
|1 jeecccccccccecaa..
DIGITAL | LOCAL ' MODEM
SBUEM | iGNt | Bus 1| ANALOG
MCU PROCESSOR|__ "\ FRONT -END
N
(data) (DSP)  |(signal sgmples (MAFE)
an
' control words)
f Rx clock
generator

baud
Tx { sampling} clocks

MODEM transmission function

Rx

ine

MODEM IMPLEMENTATION WITH DSP AND ANALOG FRONT—END

TELECOM MARKETING

OCTCBRE_86

SGS-THOMSON
MICROELECTRONICS




THOMSON SIGNAL PROCESSING
7568930/TS68931 (PSI)

- TS68930 SIGNAL PROCESSOR WITH INTERNAL ROM

- TS68931 ~ SIGNAL PROCESSOR WITH EXTERNAL PROGRAM MEMORY

—~ TS68950/51/52 MODEM ANALOG FRONT END

OCTOBRE 86
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The IMS T414-20

_
32 BIT

K— PROCESSOR

2 KBYTES

OoNcHIP )

RAM
C_ X uLINKO
C" Y LINK 1
(Y LINK2
LINK 3

0

EXTERNAL MEMORY INTERFACE

[hmos

full 32 bit processor

2 KBytes 50ns cycle RAM

four inter-processor
communication links

configurable memory
interface

standard 5 volt supply

dissipates less than 1 watt
Only requires 5Mhz external Clock

J




Transputer Registers

Workspace

Next Inst.

Operand

E| Error Flag

inmos

=

expressions are evaluated on
a short stack

compiler introduces necessary
temporary variables

operand register to build up
operands




Instruction Format

/7 43

0

Function

Data

Function is e.g. :-

load,
stor e,
jump,

add constant etc.

inhmos

all instructions are 1 byte long

larger operands are built up
using operand register

more complicated instructions
are built up using operand
register




[RMOS §

Operand. Register

all instructions load their

/ - 43 0 data into least 4 bits of
Function] Data ~ the operand register
| - all instructions then use
Operand Reg the entire operand register

- existing bits in higher end
31 4 3 0 of operand register will be
used




inmos

Prefix Instruction

Pfix | Data

v

A B Data | Operand register at start of

/ / / prefix instruction

A B Data Operand register at end of

_ prefix instruction
empty $

Negative prefix inverts register after load




(

Operate . Instruction

7 4 3 0
Opr Data
Operand Reg U
31 4 3 0

IRMOS

operate instruction loads its
data into least 4 bits of
the operand register

processor then decodes the
operand register as a new
instruction

31 instructions available
within one byte

remainder of instruction set
uses two bytes (accessed
by using prefix then Opr)




inmos
Code size

Single byte format reflects frequency of

local variable access
small jumps
small immediate operands

Typical HLL programs require less than 30% of instructions
to be prefixed, resulting in very compact code.




T414 Address Space

Top of memory

4 GigaByte
Address Space

Off-Chip

On-Chip

Reserved

linear address space
byte addressed

off chip - accesses can cycle
at 150ns.

on chip RAM cycles at 50ns.

performance gain from using
high speed RAM.




inmos

The Interprocessor Communication Links

point to point communication

bidirectional

serial

Up to 20 Mbits per second in each direction
no need for common clock

DMA supported
automatic acknowledgements per byte




inmos ¢

Data and Acknowledge Packet

Start

byte of data

1

1

10101010

0

Start

type

1

0

type

stop

data packet

acknowledge packet
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Interrupts

want to force an interrupt service routine to run
on receipt of an "interrupt" signal

- can do this by communicating with a high priority
process which is currently waiting

- EventReq and EventAck form a handshaking

. pair of signals, which can cause a process to be
scheduled

- 2900 ns maximum latency using internal RAM
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| immos (i
Example Small DRAM System
17 o e o o o ] = (e 2] 2@
1 o | o ) o _— 1T ] [Fss] [ene ] B
- L I JC 11 (e
3| I C Il 131 =3 | Y] L [|
E) N o [ | I | e I N [ G P
71 CI IO C] Cee [2u0 ] el
] o — CIC 3 [l —
CJC I J 1l 11 J[. 10 101 [[Foo] [s245 |
—{ 1]

B004 Transputer Evaluation Board - IBM PC
- 2 MBytes Dynamic RAM with parity
- T414 32 bit transputer
- C002 link adaptor




IMS .-T414 program execution

ihmos

Language construct Program size | Execution time
(Bytes) (Cycles)
Operators
+,- 1 1
* 2 39
/ 2 40
=,€>,4,>,<=,>= 2 3
Expressions
variables on chip 1 2
expressions as subscript 1 1
constants 1.3
Assignments
to on chip variable 1 1
vector size n on chip 4 2n + 4

- Average Figures

IMS T414-20 executes 20 cycles per microsecond
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Single transputer benchmarks

Dhrystones/sec Whetstones/sec

IMST414-20 11,345 | IMSF424-20 4,000,000

180386-16 6,133 180386-16+ 1,800,000
180387-16

MC68020-16 4.746 MC68020-16+ 755,000
MC68881-12

IMST414-20 647,000

Typical integer performance Single precision floating point
Single chip F424 INMOS estimate
Chip set 386/387 Intel eslimate




lhmos A

Transputer Development Systems

IBM PC or VAX/VMS based tools

Mixed language development

-occam for concurrent programming
-C,Pascal and Fortran to preserve investment

‘Source level debug

Use with evaluation boards or your own design
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Transputers and DSP

The transputer allows DSP algorithms to be distributed
amongst several processors.

Essentially linear price / performance tradeofts

For floating DSP, the F424 should be used, as it incorporates an
on-chip floating point engine.

| For improved performance dedicated hardware, e.g. IMS A100,
can be memory mapped.




inmos

The IMS A100

Cascadable
Signal
Processor

A next generation signal processing system component
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INMOS Design Goals

Address high performance DSP market (3 - 3000 MOPs)

Overcome traditional DSP hardware design
complexity for high performance systems

Eliminate requirement for separate language for
programming DSP devices

Produce a complete DSP systems design methodology

Develop a range of products which offer a genuine
price/performance tradeoff with extensibility

Ship and support a complete solution for
system engineers




Key DSP System Engineering Problems

Input/Output bottlenecks
Interfacing to system host processors
Design time i.e. ease of use

Support tools

Goal:Enable the systems engineer to concentrate
on the algorithms, not the hardware or software

required to implement them.

inmos

AT
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Conventional Approaches

Most DSP chips, wether building blocks (MAC, bit slices),
or single chip solutions, concentrate on solving:

N |
v =2, CiX
i=0

where: :
- C; is some algorithm related coefficient, and

[
X : is an input data sample

inmos




Convention

inmos
al Approach Block diagram

Programmable Controller

Address 1
<4

Operand 1

Address 2
>

Operand 2

Result Address

Address
Generator

Result Data
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INMOS Approach

Most DSP algorithms can in fact be expressed in the
general form:

y(kT) = C(O)x(kT) + C(1)x((k T + ...
e + C(N-1)x((k-N+1)T)

where:

x(kT) is the current time sample,

x((k-1)T) is the previous time sample, etc

The key is to recognize that in evaluating this
time sequence, the only data of any use is
the final answer.




Canonical transversal filter architecture

Input -1

y 4

C(0) c(1)

C(30)

-1

inmos

Z

C(31)

2

-1 | Represents one
Z | delay stage

$Output
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Modified transversal filter architecture

Input

c(31) C(30) 0(1_)’® c@’®
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IMS A100 User Model

Asynchronous Funcuon

Update Coefficient Reglster (UCR)

Current Coetficient Register (CCR) ,
1 bt R B B R : Busy

OutRdy

<4—P Go

y16 &——32 stages —_— 24{ logic {«@~———Clock
| L] | 1 || ———Reset
YyYyYvy Error

v 'v

Multiplier
Accumulator

Array

16
Data
Input
Cascade 24
Input

| Data
Output

32 cycle delay (24 bits)

Synchrondﬁs Functions




IMS A100 memory map

Address

0 Update
Coefficient
Registers /
32 Current 7
Coefficlent

/ Registers

64 Static_Control Register SCR
66 Active Control Register ACR

72 Data Input Register DIR
74 [Data Oulpul Register  DOL 15
76 Data Output register DOH

7 7

<4—16 bits ——»

127

inmos ¢4

g1

Static Control Regisler allocation (SCR)

mode {Mode | NSk

Active Conirol Register allocation (ACR)

= RESERVED - Write zero to this location

Outpul range Swap [Dala [Msir |,

T
Coeff. size | 8
1

gga (}é gg Add [Sel [Bank |,




ihmos

. IMS A100 Write Cycle

100 ns —>

m|
-
\

aoorio-¢) [N

Write Enable

MemData
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A simple IMS A100 based system

General purpose
Microprocesor
(e.g Transputer)

Data Memory Bus
In
_ Data
Out
100 MS A

IMS A100 m IMS A ‘-m IMS A100 —¥>
Go ‘ Data " Data A
Clock




inmos
Primary Functions

 Fixed and adaptive FIR or lIR filters up to
10M Samples/s

Correlation and convolution

Discrete Fourier Transforms

Pulse compression and beamforming
Fixed point matrix multiplcation

Note : All algorithms can be use either real or complex
data and coefficients




Application areas

Communications

Radar and sonar systems

Image processing

Control systems

High speed real time instrumentatioh

Workstation turbocharger

inmos ¢




- A100 FIR filter implementation

Input

b(31)

b(30)

inmos
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Z Output
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| [nMos ¢
Coefficient Allocation for IR filter
K] | 7 6 5 4 3 2 1
0|b|O0|b|O0]|b]|O Memory
3 Bank A
31 | | . 5 4 3 2 1
olalo 0 Memory
3 % Bank B
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Correlation and Convolution

+T
1 m 1 [ 2
Ry(t) = TJ 2 x(t' -T)y(t)dt Cyylt) = 1/"_7’100—{‘[ ] x(t)y(t- t)dt
-T

+Ty

n 2

become in discrete time

N-1 N-1
' 1

Ryy(mT) T W 2 Xl mTy(Mdt 0y, () - % X(KT)y((m - k)T
=0 =0




( ~ inMmos ¢
Conventional Correlator Structure

>l
> —p
Z Output

-1 | Represents one
Z |delay stage - )




indinQ

D+

sowuy

cx

obejs Aejep| =
9uo sjuasaiday | }-

0%

°>. —,>. N)- ﬂ)-

(00LY) 9INjoNAS 101e[01100 PIHPO




62 point correlator with 2 A100s

Sample of y(k)

(

x

»

Multiply-and-accumulate

[RMOS ¢

lu‘ﬂg ...... Ez ) | B ale

(31

X

™
it
>

LJMulllply-.nd-accumulale

array array r—%
I;atl'i[ barrel
shifter shifter
E!S
- S .' : Output
L IMS A100 y L IMS A100 y
_J
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FFT Butterflies

PAer*\Nk

A-l-B‘Wk

O—>a-8wk

B —»
w

A-B*wk

FFT BUTTERFLY

O T NOrrldD M M~

Q@ ™ N UV OM

8-POINT FFT
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DFT Computation :

x(n)4 . X(n) /'y
N-1 '

X(k) =Y, x(n) w ok
0

-2x}IN l |

: . » where WN=e 11 | >

012 345 6 n 0 12 345 6 k
X(0) wo w® w® w® w® wo w? x(0)
X(1) we w!' w2 w? wtwsw x(1)
X(2) wl w2 w*wt ww?w x(2)
x@3)| = we wiwew?owEtw'w* x(3)
X(4) we wf w' wt w2 wtw? x(4)
X(5) wl wiwiw' wtwtw?l | x5
X(6) Clw® we wiwt ww?w! x(6)




Mapping DFTs onto the A100

inmos

a) Radar's Prime Number transform (N prime)

x(m) Permute;

complex convolution

—P with a permutted

exponential

—>

X (k)
>

Permute |

x(0) —P

x(0)

O Y, —x@

x(.N-1) _>‘

b) Chirp-Z-Transform (Any N)

x(n)

complex convolution
with a chirp signal

premultiplication
by the chirp

e

(-njk? IN)

X(k)

postmultiplication
by the chirp

(-xjk? IN)
e




wJiojsuel] JaquinN awud .m.hm_umm

(0)x (5)x MM MM MM (s)x
(0)x (v)x MMM M M M (¥)X
(0)x (9)x MM MM, MM (9)X
(0)x (2)x MMM MMM — | (@)
(0)x (g)x MM M MMM (e)x
(0)x (1)x M MMM MM (1)x
T TR e ey (9%
(0)x (s)x MMM MM M (s)x
(0)x (v)x 1303«315-;.3 (v)X
(0)x (€)x JM MMM MM — (e)x
(0)x (2)x M cM MM MM (Z)x
(0)x (1)x dM ¢cM M M M (M (1)x

_/




7 Pt DFT- Circulating Permuted input

ihmos

[

x(3) x(2) x(6) x(5)
1
C(0)= C(1)= C(2)= C(3)= C(4)= C(5)=
wl w3 w2 w6 w4 w3
)
X0 _,

X(5) X(4) x(6) X(2) X(3) X(1)

time




Circulating Twiddle Factors

____‘\_ws — ”r e
1
C(0)= C(1)= C(2)a C(3)=
x(5) x(4) x(6) x(2)
P
x(0)

X(5) X(4) X(6) X(2) x(3) X(1)

<

time

inmos (@&
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35 Point DFT split into row and column DFTs

vy Y Y ¥ %' v Y

K 4

y(n,.n,) 5-point DFT's 7- point DFT's Y(n,,n,)
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IMS B009: The A100 evaluation Board

<
Standard<
INMOS <«
Links <+ 1 MByte
< DRAM
IBM J
PC Cco012
Bus 64k SRAM
Fast DMA
ﬁ Interface
Decoder >
In Data
Go Out




Data
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IMS A100 Occam Simulator Overview

Source 1 Controller Decode Model
c

Data

P
Source 2 D \ A100

Data ,
Source 3 D

Libraries

Protocols: P -read.tag; address;
write.tag; address; data
D -data(in response to read.tag)
C- cascade data (INT64)
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IMS A100 Performance(MOPs)

Coetficient word | Sampling rate Effective number of
size (bits) (MHz) muliply-and-accumumulates
(Millions/sec)
one A100 four A100 n A100
4 10 320 1280 320n
8 5 160 640 160n
12 2.3 106 424 106n

16 2.5 80 320 80n




Performance Comparison

iMOoS §

w—Who | s 32020 | AMD 20500 | IMS A100
HR Sftnftge? 40kHz 300kHz (2{ mﬂ'i)
2 Point | go0us | 1006 | (agons)
100? Point | 59.30ms | 3-10mS (2<}":‘“§;5




inmos
IMS A100 Summary

The IMS A100 changes the rules for high performance
DSP by providing unrivalled processing power in a
single, easy to use, cascadable device.

INMOS DSP products provide support tools which

provide a complete integrated approach to designing
high performance DSP systems.

With the IMS A100, INMOS leads the way in a new
generation of products which address the real
issues in DSP systems engineering.




Component availability

inmos

Part No Description Price Availability
IMS T414 32 bit transputer 420 NOW
IMS T212 16 bit transputer 315 NOW
IMS F424 Floating point transputer Q2 87
IMS A100 Cascadable signal processor| 420 Oct 86

+ =100 unit price in $

sans

| {



THE MSM6992 AND MSM699210
DIGITAL SIGNAL PROCESSORS

oKl

SEMICONDUCTOR

OKI'S DSP FAMILY
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INTRODUCTION

I. THE MSM6992 DSP
Il. THE MSM699210 DSP

lil. COMPARITIVE ANALYSIS OF 22 -BIT FLOATING
POINT VERSUS 16-BIT FIXED POINT

IV. PROGRAMMING THE MSM6992/210
V. SUPPORT
VI. EXAMPLE APPLICATION

OKI'S DSP FAMILY



I. THE MSM6992 DSP
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MSM6992 PHYSICAL PARAMETERS

125,000 TRANSISTORS

2 MICRON DUAL-METAL CMOS
400 mW POWER CONSUMPTION
SINGLE 5V POWER SUPPLY
100/125 NS INSTRUCTION TIME

OKI'S DSP FAMILY



MAJOR FEATURES

MODIFIED HARVARD EXTERNAL ARCHITECTURE
22 -BIT (16E6) FLOATING POINT FORMAT
20 MGFLOPS THROUGHPUT
256X22-BIT WORDS INTERNAL DATA RAM
1024X32-BIT WORDS INSTRUCTION ROM

EXTERNAL DATA AND PROGRAM MEMORY
UP TO 64K WORDS EACH

OKI'S DSP FAMILY
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Lo

ARITHMETIC UNIT

/ XR YR

FMPY

PH PL

g

1N

< X ifﬁ

'

\/
FALU

<4—™» SCR

TR

AOQ

Al

|

/

FLOATING POINT MULTIPLIER
TWO-STAGE FLOATING POINT ALU

TWO ACCUMULATORS

OKI'S DSP FAMILY



TWO-STAGE FALU OPERATION EXAMPLE

SA = MA X 2**EA
SB =MB X 2** EB
ALU OPERATION: SA + SB

STAGE 1. BIT ALIGNMENT AND ADDITION ( RIGHT SHIFT)

SB = [ MB X 2**(EB-EA)] **EA = MC X 2**EA
TR = (MA + MC) X 2**EA = MD X 2**EA

STAGE 2. POST-NORMALIZATION (LEFT SHIFT)
ALU = [ MD X SCALE_FACTOR] X 2**EC = ME X 2**EC

NOTE: STAGES ARE PIPELINED, ALLOWING FOR A FULLY
POST-NORMALIZED RESULT EVERY 100 NS

OKI'S DSP FAMILY



CALCULATION OF A SUM OF PRODUCTS

Zc X
XR,YR

Cooxo X cixi X caxz X caxs X caxa »
FMPY< CO%X0 >< C1%X] >< C2%X2 >< C3*X3 >
FALU\t\ \
STAGE 1 <AO+CO*><O><M FCT%X ] >Q0+cz*x2>
\ \

TO COMPLETE THE SUM OF PRODUCTS ADD AO0+A1

OKI'S DSP FAMILY
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INTERNAL DATA MEMORY

IXR

I1ZR

~

YR

MR

v

v

'

ZR

RAMX

128WX22

RAMY
128wWX22

¥

y

\_

vy ¥
v

XR

YR

/

THREE OPERAND MOVES IN ONE INSTRUCTION
DATA SHIFT POSSIBLE IN ONE CYCLE

RAM AND RAMY CAN BE ACCESSED SEPERATELY
OR AS A SINGLE PAGE RAMXY

OKI'S DSP FAMILY



EXTERNAL INTERFACE

N

=

O UV O
©

® A0-15

- ———P D0-21

VHCOH o =Z —

IFR

g—I|F0,1

S —
—>

OFR

$0F0, 1

DM O VWA Z00

BACK
# BREQ

DACK
& DREQ

PSAO
PSAI
o

4—> R

I YYYRE YK

» I0RQ
» TA
@
¢ MCLK
# CLKO
< RST

N

AN

J

MASTER, SLAVE, AND DMA INTERFACE MODES AVAILABLE

OKI'S DSP FAMILY



MICRO-SEQUENCECONTROL BLOCK

-

I
™M
e
ZERO-OVERHEAD onos
LOOPING FTIFrTEl
"M ]e
i ,
> e
NO PENALTY s T T
FOR USING EXTERNAL > ||
PROGRAM MEMORY
LCO [¢——>
LC1 |&—————
o je—
ey )

OKI'S DSP FAMILY



PERFORMANCE

MSM6992 BENCHMARKS

1024 Complex pt. FFT (rad 2)

FIR filter
2nd order IIR filter
single
pipelined
4x4 by 1x4 Matrix Multiply

6.9 ms

100 ns/tap

900 ns
600 ns

2100 ns

CODE FOR ALL BENCHMARKS AVAILABLE ON REQUEST

OKI'S DSP FAMILY
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Il. THE MSM699210 DSP
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OKI'S DSP EVOLUTION

MSM69XX

MSM699210

MSM6992

~Q1 1989

Q3 1985

OKI'S DSP FAMILY



THE MSM699210 DSP

EXTERNAL VON NEUMANN ARCHITECTURE
1.5 MICRON FULL CUSTOM DESIGN
100 NS CYCLE TIME
TWICE AS MUCH INTERNAL RAM AND ROM
AVAILABLE IN 84-PIN PLCC OR 100-PIN FLAT PACK
PROGRAMMABLE WAIT ST ATES
100% CODE COMPATIBLE WITH MSM6992

LOW COST
OKI'S DSP FAMILY



MSM699210 BLOCK DIAGRAM

IROM
2kWX32b

o]

| WwrR ]| MR J[MSR

Ty ¢

RAMX RAMY

256WX22 256wWX22

M
p
J

Yy ¥ v ¥

ECEN

YR |

O vo

p : :1
= A0-15

o ™ & p0-21

DHCO|® Z —

IFR

tFO,1

(f 4

OFR

$0F0, 1

y v
FMPY

PH | PL

SCR

& 38

IBUS(22)

FALU
TR |

AOQ

Al

IMrron4AZ00

cD29-31
CD22/BACK
CD23/BREQ
ch24
CD25/0REQ
CD26/PSAD
CD27/PSAI
cp26/C%
:2

e
[ T
f———  |ORQ
aammme—— 1 (0] 1]




CONTROLLER MODE

USE OF ON-CHIP ROM ONLY

—_—
—
—
—
—
-E_
"

.
———

IPTO
IPT1
IPT2

IFO
IF1

OFO0
OF1

 P/C

MCK
RST
SYNC

OKI'S DSP FAMILY



PROCESSOR MODE #1
INTERNAL AND EXTERNAL
PROGRAM MEMORY
™ 0000
- INTERNAL
i A-1S ——p - PROGRAM
i e 0800
g? _‘%VT_R_ >
o g PROGRAM
o PILY — MEMORY
| P/C
MCK
RST FoLD——»
SYNC HACK [
il B FFFF

2 CYCLE EXECUTION WHEN EXTERNAL
DATA OPERAND AND EXTERNAL INSTRUCTION
FETCH OCCUR SIMULTANEOUSLY

OKI'S DSP FAMILY



PROCESSOR MODE #2

EXTERNAL PROGRAM MEMORY ONLY

0000
— M
——— IPTO AQ-15 et
—» [PT1
———»{ IPT2 D0-21 | =i
C22-31 |
———»{ IF0 .
————p| IF1 RD |—»
WR [————»
<4——— OF0 IORQ ——»
<4———]| OF1 DSTB ———»
4 PSTB f————»
P/C
——| MCK
———{ RST HOLD}———»
————{ SYNC HACK |¢——
TA [———>b
FFFF

EXTERNAL
PROGRAM
MEMORY

2 CYCLE EXECUTION WHEN EXTERNAL

DATA OPERAND FETCH OCCURS

OKI'S DSP FAMILY




MSM6992 COMPATIBLE MEMORY MODE

|- TYPE E- TYPE
511
255 255 Y2
384
383
X2 Y2
X2
128 128 2:2 v

127 U

127 % ” /
127 %

0

O
N
N

X
>
=
po)
>
=<
=

RRRRR

OKI'S DSP FAMILY



255

PAGED MEMORY MODE

|- TYPE

RAMX

255

RAMY

E-TYPE

PR =00
READ RAMX
WRITE RAMX

PR = 01
READ RAMY
WRITE RAMX

PR=10
READ RAMX
WRITE RAMY

PR =11
READ RAMY
WRITE RAMY

OKI'S DSP FAMILY



WAIT STATES

MODIFIES EXTERNAL DATA ACCESS TIME

ALL REGISTERS FROZEN DURING WAIT STATES

100 NS PER WAIT STATE

MAXIMUM ACCESS TIME :~700 NS

OKI'S DSP FAMILY
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NEW INSTRUCTIONS: EXPANSION OF IRC FIELD
OF THE CTL INSTRUCTION

The new instructions are:

(1) Set Power Down Mode ( drastically reduces power consumption)

(2) Set Save mode ( freezes multiplier, ALU, restricts accumulator access)
(3) Reset Save Mode ( resets (2))

(4) Set Normalization Inhibit Mode (inhibits FALU post-normalization)

(5) Reset Normalization Inhibit Mode (resets (4))

(6) Set Recover Mode ( same as Save, but XR, PH, and PL are not held)

(7) Reset Recover Mode (resets 6)

OKI'S DSP FAMILY



lll. COMPARITIVE ANALYSIS OF 22-BIT

FLOATING POINT VERSUS 16-BIT FIXED POINT

OKI'S DSP FAMILY

{ ( { { { 1 { { { { { { { { [ {



o O DZw

FFT PERFORMANCE COMPARISON

90
85 , _
804 . * —0
75

60 . . \
55—1- . . .
SO-- - * .

45 ban . 3 . 3
40 1 1 l 1

128 256 512 1024
NUMBER OF POINTS
© 16E6 FLOATING POINT(MSM6992) @ 16 FIXED UBFP & 16 FIXED CBFP

OKI'S DSP FAMILY



TWO-DIMENSIONAL FFT 512X512
EXPERIMENTAL RESULTS

(16-BIT MANTISSA)

e 3—»}4 13 >

FIXED POINT A RRTRRTTRTTT;HH::;HhHRy
ERROR

< 12 b|<— 4 —D'

FLOATING POINT RNRNRNRY

OKI'S DSP FAMILY
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QUANTIZATION

NOISE IN IIR FILTERS

1.00

0.90

0=45

UNIT CIRCLE

OKI'S DSP FAMILY



DZW

O =z -

90
85

80

75,

70
65
60

55 |
50|
45 |

40

SNR PERFORMANCE

|

= | [ 1 1 ) 1 1

1 1 T T 1 U ¥
0.9 0.91 0.92 0.93 0.94 0.95 0.96 0.97 0.98 0.99

RADIUS

o I6 FIXED o 16E6 FLOATING

OKI'S DSP FAMILY
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IV. PROGRAMMING THE MSM6992/210
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INSTRUCTION SET

IFLA Internal Floating Point Arithmetic
IFXA Internal Fixed Point Arithmetic
ILO Internal Logical

EFLA External Floating Point Arithmetic
EFXA External Fixed Point Arithmetic
ELO External Logical

MOVE Register to Register Moves

SFT  Shifting Operations

CTL Control Instructions

LIT Literal Instructions

JMP Transfer of Control Instructions

OKI'S DSP FAMILY



These microinstructions have several
fields apiece in order to support several
simultaneous operations. Mnemonics are
provided for each operation field.

An example of a single 100 ns IFLA instruction follows:
LXY ++1,++1:load XR and YR

FADD PH,AO :add product register to a0

MOV ZR,ALU :move ALU result to ZR reg.

STM  ++1 :store ZR into data memory
LOOP ; :return to top of code loop

(Note that a floating point multiply is executed as well)

OKI'S DSP FAMILY



in

x(n)

h(0)

FIR FILTER

x(n-1) iy x(n-2) [ X(N-N+1)

h(1)

y(n)

Z p— —— o oo

OKI'S DSP FAMILY




RAMX RAMY

SET IXR, OH aH A

SET TYR, 80H 83H E
SET IZR,0H ; @2H B 82H F
SET MR, OF3H ; 1H C 81H G
LXY 0,0 ; D H
LXY ++1, ++1 OH 80H

STM 0 ;

LXY +4+1, ++1

FLD PH

STM ++1 . IXR OH IZR OH
LXY ++1, ++1

F1.D PH ’ IYR| 80H MR ?
STA AQ

STM ++1 ;

FADD PH, AO XR ? YR ?
STA Al ;

FADD PH,Al

STA AQ ; > 2
MOV YR, ALU ; A0 - ZR

FADD YR, AQ ;A1 ?

OKI'S DSP FAMILY



SET
SET
SET
SET
LXY
LXY
STM
LXY
FLD
STM
LXY
FLD
STA
STM
FADD
STA
FADD
STA
MOV
FADD

IXR, 0OH
IYR, 80H
IZR, 0H
MR, OF3H
0,0
++1,++1
0

++1, ++1
PH

++1
++1,++1
PH

AQ

++1

PH, AO
Al

PH, Al
AQ

YR, ALU
YR, AOQ

3H

2H
1H
OH

- IXR

IYR

XR

A0
A1

RAMX RAMY

A 83H E
B 82H F
C 81H G
D 80H H
OH IZR OH
80H MR OF3H
P YR ?
? ZR ?

?

OKI'S DSP FAMILY



SET
SET
SET
SET
LXY
LXY
STM
LXY
FLD
STM
LXY
FLD
STA
STM
FADD
STA
FADD
STA
MOV
FADD

IXR, OH
IYR, 80H
IZR, OH
MR, OF3H
0,0
++1,++1
o)

++1, ++1
PH

++1
++1,++1
PH

AQ

+4+1

PH, AQO
Al

PH, Al
AQ

YR, ALU
YR, AO

~ e

3H

2H
1H
OH

IXR

IYR

XR

A0
A1

RAMX RAMY
A 83H E
B 82H F
C 81H G
D 80H H
OH IZR OH
80H MR OF3H
D YR H
? ZR D
?

OKI'S DSP FAMILY




SET
SET
SET
SET
LXY
LXY
STM
LXY
FLD
STM
LXY
FLD
STA
STM
FADD
STA
FADD
STA
MOV
FADD

IXR, 0H
IYR, 80H
IZR, 0H
MR, OF3H
0,0
++1,++1

++1, ++1
PH

++1
++1,++1
PH

AOQ

++1

PH, AQO
Al

PH, Al
AQ

YR, ALU
YR, AO

3H

2H
1H
OH

. IXR

IYR

XR

A0
A1

RAMX

OO

1H

81H

83H
82H
81H
80H

IZR

MR

YR

ZR

RAMY

NNl

OH

OF3H

OKI'S DSP FAMILY




SET
SET
SET
SET
LXY
LXY
STM
LXY
FLD
STM
LXY
FLD
STA
STM
FADD
STA
FADD
STA
MOV
FADD

IXR, OH
IYR, 80H
I1ZR, 0H
MR, OF 3H
0,0
++1,++1
0
++1,++1
PH

++1
++1,++1
PH

AQ

++1

PH, AQ
Al

PH, Al
AQ

YR, ALU
YR, AQ

3H

2H
1H
OH

- IXR

IYR

XR

A0
A1

2H

82H

83H
82H
81H
80H

IZR

MR

YR

ZR

1H

OF3H

OKI'S DSP FAMILY




SET
SET
SET
SET
LXY
LXY
STM
LXY
FLD
STM
LXY
FLD
STA
STM
FADD
STA
FADD
STA
MOV
FADD

IXR, 0H
IYR, 80H
IZ2R, OH
MR, OF 3H
0,0
++1, ++1
0
++1,++1
PH

++1
+4+1, ++1
PH

AQ

++1

PH, AQO
Al

PH, Al
A0

YR, ALU
YR, AO

3H

2H
1H
OH

- IXR

IYR

XR

AO
A1

RAMX RAMY
A 83H E
A 82H F
B 81H G
C 80H H
3H IZR oH
83H MR | OF3H
A YR E
D*H 7R A
?

OKI'S DSP FAMILY




RAMX RAMY

SET IXR, OH

SET IYR, 80H HI_A 83H E
SET IZR, OH ; 2H A 82H F
SET MR, OF3H ; 1H B 81H G
LXY 0,0 ;

LXY +4+1,++1 oH c 80H H
STM 0 ;

LXY ++l,++l

FLD PH

STM ++1 : IXR 3H IZR 2H
LXY +4+1,++1

PLD PH IYR| 83H MR | OF3H
STA AQ

STM ++1 ’

FADD PH, AQ XR ? YR ?
STA Al ;

FADD PH, Al

STA AQ ; N

MOV YR, ALU ; A D'H <R :
FADD YR, AQ ;A1 C*G

OKI'S DSP FAMILY



SET
SET
SET
SET
LXY
LXY
STM
LXY
FLD
STM
LXY
FLD
STA
STM
FADD
STA
FADD
STA
MOV
FADD

IXR, OH
IYR, 80H
IZR, 0H
MR, OF3H
0,0
++1,++1
0

+4+1, ++1
PH

++4+1
+4+1, ++1
PH

AQ

++1

PH, AO
Al

PH, Al
A0

YR, ALU
YR, AQ

3H

2H
1H
OH

- IXR

IYR

XR

A0
A1l

RAMX

O|m| >

3H

83H

D*H + B*F

C*'G

83H
82H
81H
80H

IZR

MR

YR

ZR

RAMY

sl NONE

2H

OF3H

OKI'S DSP FAMILY




SET
SET
SET
SET
LXY
LXY
STM
LXY
FLD
STM
LXY
FLD
STA
STM
FADD
STA
FADD
STA
—> MOV
FADD

IXR, OH
IYR, 80H
IZR, OH
MR, OF3H
0,0
++1,++1
0
++1,++1
PH

++1
++1, ++1
PH

AQ

++1

PH, AQ
Al

PH, Al
AQ

YR, ALU
YR, AO

3H

2H
1H
OH

- IXR

IYR

XR

A0
A1

RAMX

O[>

3H

83H

D*H + B*F

C*G

83H
82H
81H
80H

IZR

MR

YR

ZR

RAMY

MM

2H

OF3H

C'G + A’E

OKI'S DSP FAMILY




RAMX RAMY

SET IXR, OH aH A =
SET IYR, 80H 83H
SET IZR,0H ; 2H A 82H F
SET MR, OF3H ; 1H B 81H G
LXY ++1, ++1 OH 80H
]?’}T(D_;[ -?--}—1 ++1 ; ALU=A*E+B*F+C*G+D*H END OF NEXT CYCLE
1 4
FLD PH
STM +4+1 : IXR 3H IZR 2H
IL.XY ++1, ++1
F1.D PH ! IYR 83H MR OF3H
STA A0
STM ++1 ;
FADD PH, AO XR ? YR ?
STA Al .
FADD PH,Al
STA A0 : ; ; 5
’ D*H + B*F :
MOV YR, ALU ; AO ZR
—>» FADD YR, AO s A1 C*G

OKI'S DSP FAMILY
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in W > out

+ + —p

[ AO ] 7_
Z

[ AO ]

A
B>

W = A*X1 + B*X2 + in
out = C*W + D*X1 + E*X2
XI=W

X2=X1

OKI'S DSP FAMILY



DIRECT FORM Il BIQUAD ASSEMBLY CODE

ITIR MACRO X1,X2,A,B,C,D,E

LXY X1,A ; : A*X1

LXY X1,D ; : D*X1

LXY X2,B : B*X2

FADD PH,AO0 ; : W = A*X1 + in

LXY X2,E i E*X2

FLD PH : out = D*X1

STA AQ ;

LXY X1,A :

FADD PH, AOQ : W = A*X1 + B*X2 + in
STM X2 : X2 = X1

STA Al ;

STA AOQ

MOV YR, ALU :

LX C : C*W

FADD PH,Al ; . out = D*X1 + E*X2
STA Al :

FLD AO ; :

FADD PH,Al . out = C*W + D*X1 + E*X}
MOV ZR,ALU :

STM X1 ; : X1 =W

STA AOQ ; : AOQO = out

OKI'S DSP FAMILY



a(l,1) a(1,2)

a(2,1) a(2,2)

a(N,1)

MatrixA

| | |

a(l,N) | | b(1l) | | c(1) |
| | I | |

a(2,N) | | b(2) | | c(2) |
| X | | = | |

| | | | l

| | | | |

| | I l |

| | | | |

a(N,N) | | b(N) | | c(N) |
MatrixB MatrixC

OKI'S DSP FAMILY



ALTERNATE ACCUMULATOR METHOD

ROW N X COLUMN < AQ
Al

AO + Al = RESULT
ALTERNATE ROW METHOD

ROW N X COLUMN > A0
ROW (N+1) X COLUMN — [ A

NO NEED TO ADD ACCUMULATORS

OKI'S DSP FAMILY
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V. SUPPORT

EMU92/EMU92L

SOFTWARE LIBRARY

EVAQ2

)

TARGET

SYSTEM

LT
PC DEVELOPMENT

SYSTEM I

OKI'S DSP FAMILY



EMU92

8K-WORDS OF EXTERNAL PROGRAM MEMORY
8K-WORDS OF EXTERNAL DATA MEMORY
(2) 4K-WORD 1/0 BUFFERS
ICE CAPABILITY

RUNS WITH DBG92 SOFTWARE PC-DOS OR
MS-DOS (2.1 OR HIGHER)

SOFTWARE TRACE CAPABILITY

OKI'S DSP FAMILY
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EMU92L

2K-WORDS OF EXTERNAL PROGRAM MEMORY
NO EXTERNAL DATA MEMORY OR I/0 BUFFERS
ICE CAPABILITY

RUNS WITH DBG92L SOFTWARE PC-DOS OR
MS-DOS (2.1 OR HIGHER)

SOFTWARE TRACE CAPABILITY
SINGLE BOARD

OKI'S DSP FAMILY



EVA92

MSM6992 EVALUATION BOARD
SINGLE PC/XT/AT CARD
16-K WORD DATA MEMORY (8-BIT)
16-K WORD PROGRAM MEMORY

OKI'S DSP FAMILY
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SIM92

SIMULATOR FOR THE MSM6992 AND MSM699210
RUNS ON MS-DOS OR PC-DOS 2.1 AND UP
SAME COMMAND SET AS DBG92(L)
DUMP/RESTART FACILITY
SOURCE COMPARISON
BREAKPOINT ON DATA POINTER RANGE VIOLATION
ABLE TO SIMULATE INTERRUPTS
GENERATES CODE EFFICIENCY PARAMETERS

OKI'S DSP FAMILY



PC-BASED DEVELOPMENT SYSTEM

CONSISTS OF TWO PC-AT CARDS

12-BIT ADC & 16-BIT DAC

PROGRAMMABLE SAMPLE RATE
ADJUSTABLE ANTI-ALIASING FILTER
WAVEFORM CAPTURE AND ANALYSIS
SPECTRAL ANALYSIS SOFTWARE

GRAPHICS CAPABILITY ( NEEDS EGA BOARD)

OKI'S DSP FAMILY




SPATIAL DOMAIN TRANSFORM DOMAIN

————

P T ey

r———

——
A 7 —— 3

=

OKI'S DSP FAMILY



INTERMEDIATE LANGUAGE ASSEMBLER

HELPS EASE PROGRAMMING BY MAKING PIPELINE
INVISIBLE TO PROGRAMMER

PRODUCES MORE EFFICIENT CODE THAN A
HIGH-LEVEL LANGUAGE ASSEMBLER

PERFROMS INSTRUCTION REORDERING IN ORDER
TO PREVENT PIPELINE INTERLOCKS

EXAMPLE:

LXY A,B ;

NOP ; —> MADD A,B,A0,A0 ;
FADD PH,AQ0;

STAAO;

OKI'S DSP FAMILY
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Detection of Local Loop
t:ol’g:ller—"> Data Flow Analysis
Instruction Reordering
pr .
Microcode Compaction

OKI'S DSP FAMILY




INTERMEDIATE INSTRUCTIONS

Intermediate Language

: 128 TAP FIR FILTER

VSFT COEFF,128;
VMAD DATA,COEFF,0UT,128;

floating floating
logical

OKI'S DSP FAMILY



SOFTWARE LIBRARY

FIR FILTERING RADIX 2 FFT 8 --> 8K PTS
IIR FILTERING SQUARE ROOT
MATRIX ARITHMETIC SIN, COS, AND TANGENT

HAMMING WINDOWING ADAPTIVE FILTERING

DIVISION

AUTOCORRELATION

OKI'S DSP FAMILY



DEVELOPMENT SUPPORT CONFIGURATION

"C-LIKE" LANGUAGE

INTERMEDIATE INTERMEDIATE
SOURCE ASSEMBLER

"C ”
COMPILER

MSM6992/210
SOFTWARE LIBRARY

ASM92
/210

MSM6992/210
ASSEMBLY SOURCE

MSM6992/210
EXECUTABLE OBJECT

:

SIM92

|D8692 I

EMU92
EMU92L

l

l

PCDEV

PCEVA92

OK1'S DSP FAMILY




VI. EXAMPLE APPLICATION:
SPEECH RECOGNITION BOARD

OKI'S DSP FAMILY



SPEECH

RECOGNITION BOARD

D) INTERNAL
\_/\l BUS RAM
LPF
v uC
8 BIT
ADC
MSM6&992 GATE
DSP ARRAY
H
I/O PORT

OKI'S DSP FAMILY



.
T

- [ — = / LSFL

!
Channel No. 22

1 22
Uuuuln ULFI‘D‘D‘lnuu - O —>

]

0000 1O0OO0OOT10O010000000 0 O

OKI'S DSP FAMILY



SPECTRAL PEAKS VERSUS TIME

[ §

CHANNEL

TIME

OKI'S DSP FAMILY



PERFORMANCE

95% RECOGNITION RATE
IN A 10 dB SNR ENVIRONMENT

OKI'S DSP FAMILY
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DSP ASSOCIATES
DIGITAL SIGNAL PROCESSING

SEMINAR
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DSP ASSOCIATES SEMINAR OUTLINE

» Digital Filter Processors
- Products

- Architecture
- Applications

« Vector Signal Processors
- ZR34161

- ZR34325

* Image Compression Processors

- What is Image Compression?
- ZR36010 ICP

- Image Compression Examples




ZORAN

CHARTER

To design, manufacture and market proprietary,
monolithic, systems processors and support systems

for the high-performance digital signal processing (DSP)

market.




SYSTEM PROCESSORS APPROACH

« Application-driven, top-down design

Optimized architecture (throughput, vector processing, block floating
point, DMA ...)

« Embedded algorithms (FFT, FIR ...)
 High level instructions (FFT, Power Spectrum, Demodulation ...)

» System level tools




ZORAN

Matrix

> i W
= Zoran VSP
C
% Transforms
S Vector
L . J
P
o Fir
= GPDSP Zoran DFP
o —
o
= Mac | —
Multiply [ Building Blocks ]
| % : : —
10° 10° 10’ 10° 10° 10"
Digital Guidance Speech  Speech Satelite  Imaging  padar,
Control Synthesis Vocoding Modems — Speech  gonq,
Recognition

Operations/Sec




ZORAN

(

(

DSP SYSTEMS
PROCESSORS

PRODUCT PORTFOLIO-3Q/87

l (

SMPP1-4C

ZR33881

=

SOFTWARE

ZR33801
S

HARDWARE

B

ZR34161

ZRUI25

PR -

SOFTWARE

HARDWARE

o

ZR36010




ZORAN

CURRENT PRODUCTS
 Digital Filter Processors (DFP)
« ZR34161 Vector Signal Processor (VSP)




DFP FUNCTIONAL APPLICATIONS

1-D Filters » Image Processing
2-D FIR Filters « Digital Video
Correlation/Convolution  Radar/Sonar

Adaptive Filters




ZORAN

DFP FAMILY FEATURES

Complete FIR filter system in single IC

Paralles, linear array processor architecture
4 or 8 filter cells per device

8 x 8 or 9 x 9 multiplier with 26-bit accumulation in each cell

Each cell performs 30M muit and 30M add/sec

Cascadable for longer filters

Expandable coefficient and data word size




DIGITIAL FILTER PROCESSOR (DFP)
FUNCTIONAL BLOCK DIAGRAM

DATA —»| 1 T

U

)’

4rl

RESULT




A oT13)D
(9A) €T30
(SN 21130
(vA) 113D
(cA) o130

HIO/NNS

Sxeln+

Ly 00D+
IxelD+
Sx e+
"X o€

X e+
Xelo+
IXe%D+
Oxe€o

0T

O'o-wmsrmcors

JON3NO3S Hid dVL-V 18VEEHZ

NYHOZ




ZORAN

b T R

SAMPLE
DATAIN >

(XN)

RESET

>—9 2.BIT
CLOCK < COUNTER

SYSTEM

Y1 Y0

l

SUM
2 ourT
(YN)
8.
+-h NC.

;_ )
ADR1 ADRO
, 8
7 DINO-7 SUMO0-25 |
ZR33481-20
CLK DFP

Al A0

DO-D7

8
—r—>| CiNo-7 COUTO-7
4 x 8 COEFF
RAM/ROM

RESET ©

RESET ERASE




ZORAN

THE DFP FAMILY
Processor Filter Cells Word Length Sample Rates Packages
ZR33481-XX 4 8 bits 15 MHz 68 LCC,
20 MHz 68 PLCC
ZR33881-XX 8 8 bits 15, 20 MHz 68 LCC
ZR33891-XX 8 9 bits 15 MHz 68 LCC,
20 MHz 84 PGA,
25, 30 MHz 84 PLCC




DFP CUSTOMER BENEFITS
MODULARITY AND FLEXIBILITY

Need higher filter order, more taps?
Cascade DFPs.

Need high sample rate?
Use DFPs in parallel.

Need more word length (16 x 16 bit)?
Use multiple DFPs.

Need decimation or interpolation?
DFP contains efficient mechanisms.

Need 2-D filters?
DFP implements efficiently.




ZORAN

DFP BASICS
« Decimation & Interpolation
« Extended Filter Lengths

* Extended Sample Rates
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ZORAN

DECIMATION & INTERPOLATION APPLICATIONS
SAMPLE RATE CONVERSION

- DIGITAL AUDIO:
- CD (44.1 KHz) « DAT (48 KHz/32 KHz)

 DIGITAL VIDEO:
- Composite (14.3 MHz) « Component (13.5 MHz)

« COMMUNICATIONS:
- TDM/FDM Transmux
- Subband Speech Coding
- Digital Radio & Satellite Modems

ZOOM SPECTRUM ANALYSIS
« RADAR

R'EFERENCE: Mutitirate Digital Signal Processing, Ronald Crochiere, Lawrence Rabiner, Prentice Hall 1983
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DIGITIAL FILTER PROCESSOR (DFP)

DATA —_,

FUNCTIONAL BLOCK DIAGRAM

COEF —{_

ml




DECIMATION

SAMPLING RATE

COMPRESSOR
2 (n)
(a) ———= hi(n) w (n) - lM ———i"-'-,
F F F!' er/M
(b)
jw
Ix(e'™)l / |
) |
] |
0 L 2T w
1 .-..-:..
Inte™) [ !
P
o Ml Sl L LG L LWL Y | A
0 M g 2T w
Iwte!) .f
]
o w:m‘-"‘.n"“".’-.-'."
w
o . Ton O ST
Iv(e™)) " \ i
" " o
) Y v
5 1 1 [l [} [




ZORAN

DECIMATION-BY-TWO FIR SEQUENCE
20 MHz TO 10 MHz

CLK

CELLO

CELL1

CELL2

CELL3

7]
c
g
2
o

OO NODNBEWN = O

CreXo
+Cs* Xy
+Cg X,
+C40X3
+C3° X,
+CaeXs
+CioXg
+Co* Xy

CreXg
+Cg* Xq
+Cs* Xy0
+Cq* Xq4
+C3° Xq2
+Cy* X3
+C«|.X14
+Co ® Xys

0

0

Cre X,
+Cg® X3
+Cs* X,
+Cq0 X5
+C3° X%
+Ca0 X,
+Cs0 Xy
+Co* X

Cr X0
+Cg ® Xy4
+Cs * Xy2
+Cq° Xi3
+C3® Xy4
+Ca* X5

Cre X,
+Cg* Xs
+Cs*Xg
+Cq0 X,
+Cy° Xg
+Cz0 Xy
+Cy* X0
+Co® Xy

Cre Xs2
+Cg* X3
+Cs* X4
+C4° X5

CreXs
+Cg* X7
+Cg* Xe
+C4o X

+C3 @ X40|CELL1(Y9)
+Cz ¢ X44 [CELL2(Y1Y)
+C; * X2 |CELL2(Y11)
+ Co o X13 CELL3 (Y1 X))

C7* X4 [CELL3(Y13)
+Cg ® X5 |CELLO(Y15)




e, N R
PIXEL X4 PIXEL Xy9
——————— q
l ' c02 Cot cou
. . 'OXos ®Xoa ®Xo3|| ®@X02 @ X5y ® Xoo
| | Ci2 Cy
[
. . IOXu ® X3 : ® X12 ® X190 CELLS®
|' I C22 C21 C20
. . ®Xg ©Xy4 @ X0 l] @ X272 ®X3 @ Xy
_______ PIXEL X
r ——————— 'z
| J]{C2 Cor  Coo
. | * ® Xos 0Xoa| ®Xos ©®Xp2 @ Xy
l |
Ci2 Cio
CEeLLY
. :. @ .Xu' .x'a ® Xy
I
- | C22 Cav Co
. oxX ox ® X oXx X
L._.__. 2 __n_| 23 22 21
_ PIXEL X3
—————— -
| | | Coa Co1 Coo
| o . ®Xos |[{®Xos ©Xo3 @Xoz
| |
Ci2 Cio
| .
| . ® Xyg : ® Xia ® Xy2 CELL2
: ! €22 C21 Cro
'—o . ° XnJI ® X ©Xz3 @Xi
CcoLs CcOoL4 COL3 CoL2 cout coLwe

—— KERNEL SHIFT




ZORAN

6.67 MHz 3 X 3 CONVOLUTION SEQUENCE

SUM
CELLS® CELL Y CELL 2 ouT
Coo Xoo
+C10 X10
+C20 X20
+Co1 Xo1 | Coo Xo1
+Cy1 Xq91 | +Cyo X141
+C21 X21 | +C20 X214
+Co2 Xo2 | +Co1 Xo2 | Coo Xo2
+C12 X492 | +Cyq X42 | +Ci0 X112
+C22 X22 | +C21 X22 | +C20 X22 CELL®
Coo Xo03 | +Co2 Xo3 | +Co1 Xo3
+C10 X13 | +C12 X43 | +C114 X143
+C20 X23 | +C22 X23 | +C21 X23 CELL 1
+Co1 Xosa | Coo Xoa | +Co2 Xoa
+C11 X14 | #C10 X14 | +C12 X144
+C21 X24 | +C20 X24 | +C22 X24 CELL 2
+Co2 Xos | +Co1 Xos | Coo Xos
+C12 X185 | +Cq1 X35 | +Cyp X158
+C22 X25 | +C21 Xyg | +C20 X25 CELLO
o +Co2 Xoe | +Co1 Xos
. +Cq2 X416 | +C11 X4
o +C22 X26 | +C21 X326 CELL1
o +Co2 Xo7
. +Cy2 X129
+C22 X27 CELL 2




ZORAN

—_—
6.67 MHz 3 X 3 CONVOLUTION BLOCK DIAGRAM

20MH2

cLock ~

]

SEQUENCER

2.0 IMAGE DATA

+S5v

U

(RASTER SCAN /o *  » Xo1. Xoo & ¢ =
"0"""“:"8';‘:;3: DIENB ADR1 ADRO VCC SHADD SENBH SENBL
. UNE  |** X1 X0 20 MM 8, 2 convoLvep
BUFFER MuX 7—*]DINO 7 SUMO.28 20 DATA OUT
667 MH:
s X1, X290 s
LINE | —
QUFFER
Y P ZR33481-20 1000 —= NC.
COEFFICIENT DATA A0 A3J
IMAGE {2.0) DATA  (3x3 KERNEL)
Xo3 Xoz Xo1 Xoo Coz2 Coy Coo —{ rce
[} [} [ L] [} . . Do
X13 Xy2 Xit X9 Cy3 Cyy Cyp o7 8
200 o 'Y . . . . . COEFF a,l CIND-? couto? 7 NC.
X23 X22 X3¢ X209 Cz2 C3y C ROM/RAM
oo oo i CTENB DCM1 pCMo RESET EWASE vss COENB

1

‘ i

1K
15V —AAA-

)
—




ZORAN
5 MHz 7X7 CONVOLUTION BLOCK DIAGRAM

1™ .

20 o4 Xoe

m‘c‘ ”~ 7
DATA

X1
L.y LWNEBUFFER - ZN33881 20
DFP A
] ) n
YN SUm
t,: 7 DING.? 024 I
20 My
X30
LINE BUFEER
cwo?
/V- 1
A3
L  Lwe sUrrER - f‘ g -
coEet 1)
AOM A € »n sy
$E0 . CONVOLVED
COEFF 4 IMAGE OUY
Xeo nOM B }
| LNEBUFFEN — f‘ 5 -
~
O3 €
X CIND-?
] uweourren "
ZRIW81.20
DfFP S
] ] n
£ sum
v £ oINO 7 ore 17~
20 MMz
| xoe
- LINE SBUFFER

- >—




DFP BASICS
Decimation & Interpolation
Extended Filter Lengths

Extended Sample Rates




ZORAN

——

ZR33481 DFP 20MHz 8-TAP, 8 X 8 FIR

SAMPLE
DATA
~n”
M) o Q
C o]
20MHz
CLOCK > $ G
&
—
ADR1 ADRO SENOR SENDL ADR1 ADRO SENBR SERNBL
3§ owo-» SUMO-25 ,426 24 ome.7 SUMD-25
ZR33481-20 ZR33481-20
cL
J " DFPO ax DFP1
8 x 8 COEFF
Cix RAMROM
2ONT Yo AD TCCO »] TCO1
Yij=fo—=0] A1 00-D7
CTR 8
2 4—& A2 '_l. CWNO-? couto-7 3‘ »] Cmo-7
AESET AESETY ENASE AESEY EMASE
AESET L 7

SUM
&-» OUT

(Yn)




Using Decimation-by-Two to Process
a 10MHz Signal with a 20MHz DFP

x1b‘ x15""" ’5"‘1"8 *E[_

(, = samping frequency)

Coef in
X J
FIFO 0'511 2
o ZR33891:
MUX DFP
Decimate-by-two
XY+8
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DFP BASICS

Decimation & Interpolation
Extended Filter Lengths
Extended Sample Rates
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40 MHZ, 16-TAP FILTER WITH FOUR ZR33891 DFPs

o f— |
\
EVEN DFP T
COEFS ' # #2 Z
\
00D | M
v~ X OUTPUT
g
0DD >
COEFS .
/




40MHz

FIFO {1
—T—.

481-20
DFPB2

FIFO5

481-20
OFPB 1

QO >

AFO2 ||

481-20
DFPBO

—

QO >

40MHz 3x3 CONVOLUTION

FIFO3

481-20
DFPA2

FIFO6 |—»

481-20
DFPA1

oo >

FIFO 4

481-20
DFPAQ

QO >

xox




ZORAN

DIGITAL FILTER PROCESSOR SUMMARY GUIDE

C o YOTAL DFPCELLS ® « DECRATION FACTOR (ASSUME OCELL DFP)
s # DFPs CASCADED WOR2Z 1o NTERPOLATION FACTOR
¥ » 8 DFPs CASCADED VERY T TOTAL 6 DESIRED TAPS N
A
| A3 SQORURATION
Fs—p! DFP p—Fs MAXFocRoMH:
Fs -9 DFP & DFP hx“rfuf‘s's :Ma '!EH
s o Fs MAX Fs = 20 MHz (27 MHz)
Fs DFP p—® FaD ] M N
. ]L—1T AxTAPs:-aA'o'H
MAX Fs ¢ 20 MHz (27 MHz)
DECIMATION
CONTROL
DFP ™ A R ERCOLATION
Fs Ul 1°5s MAX Fs(IN) = 20 MHz
MAX F${OUT) = | * Fs = 40 MHz
DFP X
A
Fs EIFQ M X TAPS e 8 D" H
L’ Fs'D MAX Fs = 20/D MHz
L[ TF0 He{Us OFP [ (50 , 0% conriouramon
X &p{xwuoaz TAPSz8 ' H
[L—_HE_’ MAX VERT TAPS®4°V
MAX Fs = 20/D MHz
—&1 FIFO M NERA RA
Fs Ul»{ DFP AX FS(OUT)= L& _oF$
X 1
-5_-9-7-,, °Fs
—+P10rP1 FP3]
- 2 piscHoHER aUPLE
Fs nux @ TAPS = 8 ° (F8/20) ' H
bre2 2T
> DFP
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DIGITAL FILTER DESI

SM1/DFP1-A

GN PROCEDURE

FILTER SPECIFICATION

COEFFICIENT SELECTION

i

QUANTIZE COEFFICIENT

COMPUTE & PLOT FILTER RESPONSE

GENERATE INPUT SIGNAL

L

SIMULATE SYSTEM

SPECIFICATION _

Y

b

COEFFICIENTS TO HARDWARE

~>

VERIFY HARDWARE

= ZORAN
PROVIDES
TOOLS




ZORAN DFPDESTOOLS
DFP DESIGN TOOLS

2Kx 8
‘4 P sioNAL 4——4,,"65"’{
p MEMORY
C
|
N A
T coé%em DFP# | DFP® | DFPE3 | DFP M4
= raweroM |
F
A
C
E b, 4
2Kx 16
4 > QuTRUT 4‘—°PORU'TF”'
MEMORY

DIGITAL FILTER PROCESSOR BOARD (DFPB)
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CURRENT PRODUCTS

* Digital Filter Processors (DFP)
* ZR34161 Vector Signal Processor (VSP)




ZORAN SMA/SFP1-1.A
DSP SYSTEM FUNCTIONAL PARTITIONING

DECISION-MAKING POWERFUL DSP
AND CONTROL ARITHMETIC

W/W

CONTROLLER ZORAN VECTOR SIGNAL
PROCESSOR

GENERAL PURPOSE
DIGITAL SIGNAL PROCESSOR

PERFORMANCE

R



ZR34161 VSP FUNCTIONAL APPLICATIONS

« 1-Dand 2-D FFT

« 1-D and 2-D Sine/
Cosine Transforms

« 1-D and 2-D Auto/Cross
Correlation

« 1-D and 2-D Convolution

Filtering
Windowing

Modulation/Demodulation

Spectrum Analysis




ZORAN

ZR34161 VSP PERFORMANCE
(25 MHZ, 80 NSEC CYCLE)

1024-point integer complex FFT

1024-point block-floating complex FFT
128-point block-floating complex FFT

8 x 8-point 2-D complex FFT

16 x 16-point 2-D FCT

128-point x 128-point complex vector multlply
128-point magnitude square/accumulate
128-point complex demodulation

4 x 4 matrix multiplication

LD/ST 128 complex data samples
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SM1-13-A

VSP - A LOOSELY COUPLED PERIPHERAL PROCESSOR

Controller

>

Bus Arbitration
and Interrupt

A

Z

D

A\

0, 7

Bus Interface Unit (BIU)

Instruction Scale RAM Vector RAM

FIFO Registers Coeff. LUT

Execution Unit (EU)

RO
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SEM1-10-A

ADDRESS,
DATA
BUSES

BUS
CONTROL

VSP LOGICAL PINOUT
48-PIN DIP
+5
N
VCC VSS
B —p ) py»
G AOATS BRK | §CONTROL
<) D0-D15
N — ST
ZR34161
RD CLK
WR LK —p» %CLOCKS

EYIEY!
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VSP ARCHITECTURE

BU
@ BUFFER
16 3 RAM(Re/Im)

ADDR | ADDRESS Q....... Section 0 | §
2U% | GEN %3 EXECUTION
. Section 1 UNIT
16 1023
. Coeff. LUT(Re/m) MULTIPLY
0
INSTR : 2 ADDERS/
FETCH \\ SCALE SUBTRACTORS!
N\
N
REAL | |IMAG
SUS-% ACCUM| JACCUM
INT €—
WR <>
RD <« » Qe
DSTB < i B
€3 —»
DT < \w MODE =
BRO «— \ :
BACK—p w STATUS :

CLK —p- E
ICLK <— e e e et o
RESET —p e & 12 (0 A ——
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SIGNIFICANT ARCHITECTURE FEATURES

« High-level "VECTOR" instruction set
. Embedded block floating-point arithmetic for FFT

« Ability to parallel multiple devices




11 INTERNAL ALU INSTRUCTIONS

FFT (FAST FOURIER TRANSFORM)
MGSQ (MAGNITUDE SQUARE/ACCUMULATE)
DEMO (DEMODULATE)

MODLT  (MODULATE)

CMLT (CROSS MULTIPLY/ACCUMULATE)
CMCN (COMPLEX CONJUGATE)

ACCR  (ACCUMULATE REAL)

ACCI (ACCUMULATE IMAGINARY)
ABS (ABSOLUTE VALUE)

SCL (SCALE)

SCLT (SCALE LITERAL)
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FFT PRIMITIVE
POWER SPECTRUM PROGRAM
LD NMPT:128, RS:0, MDF:2, ZR:1, MBA:0
FFT NMPT:128, RS:0, FPS:64, LPS:1
MGSQ NMPT:128, RS:0, ADF:2

ST NMPT:128, RS:0, RV:1, MDF:2, MBA:256




FFT PRIMITIME
POWER SPECTRUM PROGRAM
EXECUTION TIME

Instr. Number Clocks Number Clocks Execution
Fetch Instr. Fetch Data Fetch Time (Clocks)
LD 6 134 134

FFT 6 1850
MGSQ 2 262

ST 6 134 134

Total 20 268 2380




ZORAN SM1-FFT-1A

FFT BUTTERFLY

a¢ b 1
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ZORAN

SM1-21-A

Real Data

VSPEU

N\ 777

2 L7

iz ////////////%

Imaginary Data

N7

7///////////7//////////////////////////////////////////////// L2772

|5

DB

MUX MUX
Multiplier
RRRITIR
l-J s Comp
X v
MUX MUX
———
Adder
R I 1
| — —e+
v
028 s |
AEN N
MUX MUX
=
Adder/Sub

RJIl

Acc| | Acc
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EXAMPLE OF VSP ARITHMETIC EFFICIENCY
128-PT COMPLEX FFT

THEORETICAL BEST PERFORMANCE: 1792 CLOCKS

NUMBER OF:
BUTTERFLIES = 64
PASSES = 7

&

REAL MULTIPLIES PER BUTTERFLY

ACTUAL VSP PERFORMANCE: 1850 CLOCKS

ARITHMETIC EFFICIENCY: 97%

—— R RN
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PARALLEL VSP ARCHITECTURE

CONTROLLER

GENMULTA

(

PROGRAM
MEMORY

| DATA
MEMORY

LATCHBUFFER

BUS CONTROL/ARBITER

V.

L

|

VSP VSP
# #2

VSP
MmN




ZORAN SEM1/BFP-FP-A

BLOCK FLOATING POINT VS. FIXED INTEGER
ARITHMETIC PERFORMANCE

SNR(dB)

O oo 0% i TR0
FFT SIZE




.........................................................

ZR63401

VSP Simulator
Environment

ZR63411

VSP
Assembler

ZRT341112
Evaluation

Board

ZR73401
Application
Development
Board

.
..........................................................

DESIRED RESULTING
APPLICATION HARDWARE
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VSP BASICS
Larger FFTs
Time-Domain Convolution

Fast Convolution

- Hardware Interface

Multi-VSP Configuration




LARGER FFTS

Factored into smaller FFTs:
- 64 or 128 points

Up to 1K complex points using internal CLUT

2K - 16K complex points using both internal CLUT
and external coefficients
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VSP-325 FUNCTIONAL APPLICATIONS

ARCHITECTURE AND INSTRUCTIONS ARE OPTIMIZED TO SOLVE

GENERAL DSP PROBLEMS:

 1-D and 2-D Fast Fourier Transforms
« Discrete Fourier Transforms

e« FIR/IR filters

Matrix Operations
Thresholding/Comparisons

Min/Max Detection

Polynomial Expansion
Modulation/Demodulation

(FFT)

- (DFT)

(FIRMIR)

(MTX)
(THR/CMP)
(MIN/MAX)
(POLY)
(MODLT/DEMO)
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VSP-325 FEATURES

ARCHITECTURE IS OPTIMIZED FOR:
*  Full IEEE (754-1985) 32-bit floating-point arithmetic
 Parallel Processors on a single bus:
-~ Multi-processor communication
- Semaphore handling
* 1-D and 2-D processing

*  Dual-ported internal memory

* 16M word external memory address space
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VSP-325 FEATURES

ARCHITECTURE IS OPTIMIZED FOR:
« Flexible addressing modes: Direct, Indirect, Indexed
« Hardware subroutines
« Conditional operations
« Program looping
 Vectorized interrupt and trap

« Start-up initialization




VSP-325 PERFORMANCE (INCLUDING I/0)

(25 MHz Clock / 80ns cycle)

64-point complex FFT
128-point real FFT
1024-point complex FFT:

- single VSP-325

- two VSP-325s
IR filter (per biquad section)
32-tap FIR of 128 real points
Two dimensional 3 x 3 convolution (per output)
4 x 4 real matrices multiplication
10 x 10 real matrices multiplication
Log (LN)/per element (POLY)
Division/per element (LUT)
Square root/per element (LUT)

- 83.0uS
117.0 uS

1731.0 uS
886.0 uS
0.4 uS
382.0 uS
1.12uS
8.0 uS
132.0 uS
1.52 uS
0.9 uS
0.6 uS

R



ZORAN SYSCONFIG
VSP-325. SYSTEM CONFIGURATION

VSP-325
EXECUTION UNIT (EU)

Fetch | Control | Move | Vector | Memory
Unit Unit | Unit | Unit | and
(FU) | ©) | M) [ M) |Registers

BUS-INTERFACE UNIT (BIU)
T T

il
< T D

Program Data
Memory Memory




VSP-325 KEY ARITHEMTIC INSTRUCTIONS

e  MTX(MATRIX MULTIPLY)
-- External matrix up to 1024 x 64
- Internal matrix up to 64 elements

* POLY (POLYNOMIAL EXPANSION)
- Up to 1024 coefficients
-- Up to 32 points per instruction

- Trigonometric and transcendental approximations
- Interpolation

P(X) = A1X1 4 A2X2 4...+ ANXN: N < 1024
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TWO VSP SYSTEM WITH TMS32020 HOST

BUS
ARBITER 3220
PC/AT
MEMORY VSP #1
PCINTERFACE | SPPCE [Z]
PO/AT VSP &2
0 SPACE
MODE
REGISTER 2516
MEMORY
STATUS
REGISTER
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QUADVSP1

4 VSPs

QUADVSP SYSTEM

MEMORY
CONTROL

INITIALIZATION

BUS ARBITRATION

A DATA MEMORY

/.

B DATAMEMORY

PROGRAM MEMORY

VME
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SPECTRUM ANALYSIS




ZORAN 325MAGEX

MAG (MAGNITUDE) EXAMPLE

Az s (R)

R=A_-225%A =Abs(R )
2 A21= Abs(Pj :

R A51125°% A = Abs R )

« Performs an fterative vector rotation of point P
towards the +x axis

« Maximum Error:
-3 iterations < 1.9%
- 5 ferations <0.12%
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LDSM

LD

ABS

MODLT

ABS

MODLT
ABS

MODLT
ST

MAGNITUDE CODE

NMPT:1, MBA:OneRAMSec;

I* Get data into VSP RAM & reflect into 1st quadrant */
NMPT:VEC_LEN, RS:0, MBA:W;

NMPT:VEC_LEN, ADF:3, RS:0;

/* Rotate by 45 deg. Note: 3150 = 10*(360-45) */

/* Note: Sh:1 (divide by 2) to prevent overflow */
NMPT:VEC_LEN, ADF:3, RS:0, RIA:0, SH:1, RBA:3150;
NMPT:VEC_LEN, ADF:3, RS:0;

/* Rotate by 22.5 deg. pp*/

NMPT:VEC_LEN, ADF:3, RS:0, RIA:0, SH:0, RBA:3375;
NMPT:VEC_LEN, ADF:3, RS:0;

/* Rotate by 11.25 deg. */

NMPT:VEC_LEN, ADF:3, RS:0, RIA:0, SH:0, RBA:3488;
NMPT:VEC_LEN, MDF:2, RS:0, MBA:REALBUF;
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"z08a8 | o
SPECTRAL ANALYSIS USING THE VSP

INPUT

| BUFFER# | |
HAMMING
aV _.I ADC |y —'meoow _.[ FFT __,l MAGNITUDE
INPUT
BUFFER 2
OUTPUT ..
|| [ BuFFER S .,oAc ' AL
OUTPUT
BUFFER #2
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WINDOWING PRIMITIVE
EXTERNAL MEMORY VSP MEMORY
64K . Im
127
AN~

217577 7
2048 //

0
1 pata LD NMPT:128, RS0, MDF22, MBA?
© 10 MLTRNMPT:128, RS:0, ADF:2, MBA:1024

STNMPT:128, RS:0, MDF2, MBA:2048

o




NEW PRODUCTS

» ZR34325 Vector Signal Processor (VSP)

* ZR36010 Image Compression Processor (ICP)
(see l_maging section)
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VSP-325 SYSTEM APPLICATIONS

« Laboratory/Scientific Instruments
« Spectral Analysis

 Medical Imaging
 Radar/Sonar Processing

« [mage Processing

* Array/Matrix Processing

« Graphics Processing

« Communications Systems

* Industrial Inspection

« [IC/Board Testers
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MATRIX MULTIPLY

[C] = [AIX[B]

LDR SC:1,SAR:MATRIX_OUT;
LD NMPT:64, EMA:b mtx;
MTX NMPT:64, ROW:8, REPEAT:1024, EMA:a_mtx;

EXAMPLE WITH:

 [A]=1024 rows by 8 columns
« [B]=8 rows by 8 columns

 [C]=1024 rows by 8 columns
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~ 64-POINT WINDOWED POWER SPECTRUM

WITH PEAK DETECTION
LDR SAR:peak_out
LD NMPT:64, IDF:2, ZF:1, RV:1, EMA:in_addr
MULT NMPT:64, EMA:wind_addr;
FFT NMBT:64, FPS:32, LPS:1, R:1, RBA:0;
MGSQ NMPT:64;
MAX NMPT:64, CO:0, SE:0;

ST NMPT:64, ODF:2, EMA:out_addr;
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1024-POINT COMPLEX FFT

(1) LDR MR:(XOR=1), LC:31 EMA:Scratch:

I* begin first wave of FFT processing */

(20 LD NMPT:32, RS:1, EMA:0;

(3) FFT NMBT:32, RS:1, FPS:16, LPS:1, RBA:0;
I* beginning of loop */

(4) LD NMPT:32, RS:0, UB:1, EMA:2;

(5) FFT NMBT:32, RS:0, FPS:16, LPS:1, RBA:0;
(6) ST NMPT:32, RS:1, UB:1, EMA:0;

(7) LOOP LENGTH:3;

" end of loop */

(8) ST NMPT:32, RS:1, EMA:2;

I end of first wave of FFT processing */

(9) LDR MR:(XOR=1), LC:31 EMA:Scratch:;

" begin second wave of FFT processing */

(10) LD NMPT:32, RS:1, EMA:0;

(11) FFT NMBT:32, RS:1, FPS:16, LPS:1, RBA:0:
I* beginning of loop */

(12) LD NMPT:32, RS:0, UB:1, EMA:2;

(13) FFT NMBT:32, RS:0, FPS:16, LPS:1, UR:1, RBA:(pi/32);
(14) ST NMPT:32, RS:1, UB:1, EMA:0;

(15) LOOP LENGTH:3;

r* end of loop */

(16) ST NMPT:32, RS:1, EMA:2;

I end of second wave of FFT processing */




ZORAN

MULTISYSCNFG

VSP-325 #1 VSP-325 #2
Data| Address| Control L Control | Address |Data
Arbiter
(FCF)
< 2 J{ e I \L N e
Program Data
Memory Memory

PARALLEL VSP-325 SYSTEM CONFIGURATION




WHY IMAGE COMPRESSION?

* Reduce Data Storage

— one color image (512 x 512 x 8 x 3) = 787 kilobytes
- compressed 10 to 1 = 78.7 kilobytes

 Reduce Transmission Bandwidth

- one color image (512 x 512 x 8 x 3) transmitted over a
64K bps channel takes 98 seconds
-- compressed 10 to 1, transmission takes 9.8 seconds
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IMAGE COMPRESSION APPLICATIONS

Electronic Publishing (Encyclopedias ...)
Parts/Maintenance Catalogs

Still-Frame Video Teleconferencing
Electronic Cameras

Medical (X-Rays, CT scanners)

Military Satellite Reconnaissance




CONCEPTUAL 256-PT FFT

WAVE 1

@

mem.m o
X(254) o-

128-pt
FFT
(7 passes)

X(1) o

O

X(253) o
X(255) o

128-pt
—.._.u_.

(7 passes)

* Each block consists of LD, FFT, ST

DIAGRAM
WAVE 2
o X(0)
64 2t ° .
FFTs .
(1 pass) o
-0 X(127)
o X(128)
64 2-pt °
FFTs .
(1 pass) o
o X(255)
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DEFAULT FSIZ:128, AS:1, 10, R:0;

LDOSM NMPT:1,

LD NMPT:128,
FFT NMBT:128,
ST NMPT:128,
LD NMPT:128,
FFT NMBT:128,
ST NMPT:128,
LD NMPT:128,
FFT NMBT:128,
ST NMPT:128,
LD NMPT:128,
FFT NMBT:128,
1) NMPT:128,

256-POINT FFT

DEFAULT RS:0, INTRP:0, EI-:0, MDF:3, ZR:0, ZP:0;

UP:0,
MBS:1,
FPS:64
MBS:1,
MBS:1,
FPS:64,
MBS:1,
MBS:128,
FPS:1,
MBS:1,
MBS:128,
FPS:1,
MBS:1,

MD:1,
MSS:2,
LPS:1,
MSS:2,
MSS:2,
LPS:1,
MSS:2,
MSS:128,
LPS:1,
MSS:2,
MSS:128,
LPS:1
MSS:2,

RV:0
RBA:0;
RV:0,
RV:0,
RBA:0;
RV:0,
RV:0,
RBA:0;
RV:1,
RV:0,
RBA:14;
RV:1,

MBA:16383,
MBA:IN;

MBA:IN;
MBA:IN+2;

MBA:IN+2;
MBA:IN;

MBA:OUT;
MBA:IN+258;

MBA:OUT+2;

PROGRAM PERFORMANCE

NUMBER OF
INSTRUCTIONS

13

NUMBER CLOCKS
INSTRUCTION FETCH

78

EXECUTION
TIME (CLOCKS)

6535
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VSP-325 DEVELOPMENT TOOLS

« SOFTWARE SIMULATOR

- Signal processing library/HL language:
FFTs, FIR, lIR Filters, Matrix Operations, etc.
- Allows algorithm development/evaluation
-- Signal generation and plotting
-- Parser/assembler

« HARDWARE DEVELOPMENT BOARD

* IN-CIRCUIT EMULATION CAPACITY
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NEW PRODUCTS
« ZR34325 Vector Signal Processor (VSP)

« ZR36010 Image Compression Processor (ICP)
(see Imaging section)




FIR FILTER PERFORMANCE
(METHOD 2)

Number of taps 4 8 16 32

ICLKs/pt 17 21 29 45

Throughput (kHz) 580 475 345 222

« 13 ICLKs overhead
-- independent of number of taps

* Can use slow memory (<145 ns)

64

130

I
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VSP BASICS

Larger FFTs
Time-Domain Convolution
Fast Convolution
Hardware Interface

Multi-VSP Configuration




VSP BASICS
Larger FFTs
Time-Domain Convolution

Fast Convolution

- Hardware Interface

Multi-VSP Configuration




ZORAN _  eoow
VSP-161 CONVOLUTION EXAMPLE

(METHOD 2)
EXTERNAL MEMORY RE M
64K . 121
filtered N[0 W0)
data N[ h{0) i)
out_addr: _ h(l) )
data °
in_addr. hNG) )
: hN2) h(N-1)
_____ | 0 h(N) 0
..... C :""s ] LD NMPT:N+1, MDF2, MBA: fit_coeff+;
filt_coeff: - LD NMPT:N+1, MDF:1, MBA: filt_coeff;
. for (k=0; k < num_samples; k++)
0 (MLTR NMPT:N+1, ADF-0, MBA:in_addrek:

STI NMPT:4, STR:1, MBA: out_addr + 4k;}
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FFTFASTCONV

FFT-BASED FAST CONVOLUTION TIMING

SCALE FACTOR

=

;|2
' Ty llJ) ' FFT ' MLTC ' IFFT SCL ST ST
262 262 1850 740 7 262 134* 134

527 1850

- Total Execuion Time <5079 ICLKS OR <508us “Actually 134-2(M-1)
- Number of output points : 258-M

l
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~ FAST CONVOLUTION

Use of DFT = Circular convolution

To get linear convolution use:
- Overlap & Add
or
- Overlap & Save (Discard)
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C161/REV1.0/4-25

FLOW DIAGRAM OF FFT BASED FAST CONVOLUTION

P
{x(n):P}

N POINT

fhin):M} »

N POINT
-

Perform Once
And Store

N=M+P-1

(Y(KIN)

N POINT

(y(n):N}




TRANSFORM THEOREM

CONVOLUTION IN THE TIME DOMAIN IS EQUIVALENT
TO

MULTIPLICATION IN THE FREQUENCY DOMAIN

N-1
Y(n)=3 x(.n-k) h (k)
k=0
Y(n) = IFFT [X(f)H(f)]
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N

EXAMPLES OF PROCESSING IN THE

FREQUENCY DOMAIN
Number of Clocks
256-Pts VSP CLOCKS
1-D Filter Time Domain Frequency Domain
64 Taps 16384 10600
128 Taps 32768 14000

256 x 256 Image
2-D Filter = Spatial Domain

64 x 64
Kernel

153M

Frequency Domain

™

FREQUENCY DOMAIN
Speed Improvement

1.55
2.34

22.0
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SM1BENCH1-A

PARALLEL- VSP BENCHMARKS

1K-PT COMPLEX BLOCK-FLOATING FFT

mSEC
A
264
154
1.0 \‘
NUMBER
| | 5 POF Vsps
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IMAGE COMPRESSION TECHNIQUES

« Binary Images (FAX, half-tone)
- run-length encoding [error-free code]

* Monochrome and Color Images
-- image fidelity vs. compression ratio
[error-inducing codes]
-- methods vary in quality and complexity
- hybrids of several methods typically produce best

quality




FILTER PERFORMANCE SUMMARY

Number of taps 4 8
TIME DOMAIN

ICLKs/pt 17 21
Throughput (kHz) 580 475
FREQUENCY DOMAIN

ICLKs/pt 21 21

Throughput (kHz) 470 470

« Can use slow memory (<145 ns)

16

29
345

23
430

32

45
222

26
380

64

130

39
250
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VSP BASICS

Larger FFTs
Time-Domain Convolution
Fast Convolution
Hardware Interface

Multi-VSP Configuration
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IMAGE COMPRESSION PROCESSOR
ZR36010

Features

-- High-performance 16-bit integer processor

- 32 complex words of internal RAM

- FFT butterfly coefficient table for up to 16 x 16 FCT
blocks

- Concurrent I/0 and arithmetic operations

- [nternal instruction queue

- 16-bit demultiplexed data and address buses

-- Multiple processors yield linear throughput increase

- Low-power double-layer metal CMOS (<300mW)

-- 48-pin plastic DIP package




(1)
(2)
(3)

(4)

(5)

(6)

COMPRESSION TECHNIQUES
FOR MONOCHROME AND COLOR IMAGES

PCM: basic digitization technique { 5 to 8 bits/pixel }
DPCM: code PCM pixel differences, predictive { 1.5 to 3 bits/pixel }

Interpolative: throw away pixels, estimate on reconstruction
{ 1 to 2 bits/pixel }

Transform (zonal): change image basis functions to compact
energy into few coefficients { 0.5 to 2 bits/pixel }

Vector Quantization: build code book based on vector centroids
{ 1 to 3 bits/pixel }

Hybrid Transform-DPCM: code difference of transform coefficients
{ 0.2 to 1.0 bits/pixel }

R — - I - i ———————
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TRANSFORM CODING

« Advantages
- Highest quality for low bit rates
- Robust to channel errors
- Information compaction (images can be ‘browsed’)

« Disadvantage

- Computation intensive
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w

ZR36010 IMAGE COMPRESSION PROCESSOR
PERFORMANCE

Sub-Block FCT Time
Sub-Block Size

8x8 16 x 16
200 us 750 us
Single Frame FCT Time
Sub-Block Size
Frame Size 8x8 16 x 16
256 x 256 205 ms 192 ms
512 x 512 819 ms 768 ms

1024 x 1024 3277 ms 3072 ms
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STILL-FRAME IMAGE DECOMPRESSION SYSTE! SYSTEM

Mot Sorage
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Host IcP Display
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IMAGE COMPRESSION PROCESSOR
ZR36010

Hardware and Software Tools

» Hardware Evaluation Board

« Full-Speed Algorithm Verification/Development
* Fully-Integrated Debugger

* 16K Words of Data/Program Memory

* Hardware and Software Breakpoints

* Single-Step Mode

 IBM-PC/AT Host

 ICP Assembler

l
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IMAGE COMPRESSION PROCESSOR
ZR36010

FCT Software Library

 Modified-Makhoul’s FCT Algorithm
 Improved FFT-based FCT Algorithm
« Forward and Inverse FCT Source Programs for:
- 8 x 8 blocks
- 16 x 16 blocks
- 32 x 32* blocks

* 32 x 32 FCT programs will only work with VSP (ZR34161)
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VSP-325 KEY ARITHMETIC INSTRUCTIONS

IR (INFINITE IMPULSE RESPONSE)
- Each Instruction:

* Cascades up to 16 second order sections
* Allows up to 1024 input samples

* FIR (FINITE IMPULSE RESPONSE)
- Each Instruction:
* Uses up to 64 taps
* Allows up to 1024 samples
* Decimates by up to 64
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32ND ORDER IIR FILTER
LDR SC:1, SAR:filt_out
LD NMPT:64, EMA-filt_coeff;
IR NMPT:64, REPEAT:1024, EMAfilt_in;

Coefficients loaded to internal memory

Filters 1024 input samples beginning at "filt_in"

Stores results to "filt_out”




VSP-325 KEY ARITHMETIC INSTRUCTIONS

FFT (FAST FOURIER TRANSORM)
- Up to 64-pt: one instruction
- Up to 1K-pt: internal CLUT (16 lines)
- Up to 1M-pt: direct addressing (33 lines)
- Up to 1K x 1K 2-D: direct addressing
- More than one FFT per instruction when <64 points
- ‘Pruned’ or ‘Sparse’ FFTs
- Real/Complex FFTs

DFT (DISCRETE FOURIER TRANSFORM)
- Direct form implementation
- Up to 1024-pt in one instruction
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64-PT POWER SPECTRUM
LD NMPT:64, IDF:3, EMA:in_addr;
FFT NMBT:64, FPS:32, LPS:1, RBA:0;

MGSQ NMPT:64;

ST NMPT:64, ODF:3, RV:1, EMA:out_addr;
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VSP-325 KEY ARITHMETIC INSTRUCTIONS

FFT
DFT
MAG
IIR
FIR
POLY
MTX
DEMO
MULT
ADD
SUB

(Fast Fourier Transform)

(Discrete Fourier Transform)
(Magnitude) -

(Infinite Impulse-Response Digital Filter)
(Finite Impulse-Response Digital Filter)
(Polynomial Expansion)

(Matrix Multiply)

(Demodulate)

(Vector Multiply)

(Vector Add)

(Vector Subtract)
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VSP-325 KEY INSTRUCTIONS

« LD (Vector Load)

« ST (Vector Store)

« MAX (Vector Maximum)

e« THR (Vector Threshold)

« INTFP (Integer-to-Floating-Point Conversion)
« FPINT (Floating-Point-to-Integer Conversion)
« JMP (Unconditional Jump)

« JMPC (Conditional Jump)

« CALL (Call Subroutine)

« RET (Return from Subroutine)

« LOOP (Program Loop)




VSP-325 INTERNAL MEMORY

RAM

- 64 complex words organized as either
* 64 complex words
* 2 x 32 complex words

COEFFICIENT LOOK-UP TABLE (CLUT)

- 1024 complex 32-bit fl. pt. coefficients for:
*FFTs

* Modulation/Demodulation

INSTRUCTION FIFO
- Stores 4 instructions internally
- Allows internal program looping
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VSP-325 INSTRUCTION SET

52 VECTOR-ORIENTED INSTRUCTIONS

FOUR CATEGORIES
- Data movement
-- Registers
- Arithmetic
-= Control

UP TO 64K POINTS PER INSTRUCTION WITH ‘REPEAT

INSTRUCTION LOOPING
-~ 16 lines for 1K-pt complex FFT
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The versatility of digital
signal processing chips

Uses for these architecturally modified microprocessors go all the way
Jrom simple digital filtering to echo canceling

DESIGN

As more and more Jong-distance telephone calls are
routed through satellites, echoes in conversations are
becoming particularly troublesome. Conventional
echo suppressors do not work very well on satellite
circuits, which have long propagation delays. What
is needed is a sophisticated, adaptive approach 1o
echo cancellation. But until recently such adaptive
filters were too large and too expensive for wide-

and cost tens of thousands of dollars.

Today, however, thanks to a special type of microprocessor that
executes digital signal processing (DSP), an adaptive echo sup-
pressor can fit onto one small circuit board.

Eliminating echoes is just one of many applications for DSP
circuits. They are proving their worth also in processing data in
speech recognition, radar, medical imaging, and speech compres-
sion, to cite a few areas.

What exactly is a DSP chip? Basically it is a microprocessor
w h0se architecture is optimized to process sampled data at high
rates. It performs such operations as accumulating the sum of
multiple products much faster than an ordinary microprocessor
can. Its architecture is designed to exploit the repetitive nature
of signal processing by pipelining the data flow for extra speed.

Today the engineer who wants to take advantage of DSP chips
can choose from an ever-growing variety of devices [see table].
But the choice requires care. The processor’s throughput, address
space, arithmetic precision, and benchmark performance must
be considered. Engineering support and the quality of hardware
and software development tools available for the chip are also
important.

Each step in the evaluation narrows the engineer’s choice of
DSP chips. In some cases only one choice may remain. If there
are several, the engineer may turn to the oldest criterion of dif-
ferentiation: overall system cost.

As a starting point for selection, DSP circuits can be grouped
by function: general-purpose chips and those that are application-
specific. The application-specific chips are designed to perform
ooe function more accurately, faster, or more cost-effectively than
their general-purpose counterparts. Typical examples are digital
filters and Fourier transform chips. Some application-specific
¢chips are programmable, but only within the confines of the chip’s
function; the coefficients of a filter, for example, can be pro-
grammed.

DSP single-chip circuits can also be categorized by precision
and by arithmetic types. Fixed-point DSP chips are available with
16, 24, and 32 bits of precision. DSP chips have recently been in-
rroduced with full floating-point arithmetic capabilities. These
DCWCOMmETs—Operating at instruction cycle times that match those
of their fixed-point counterpants, but with greater precision—
allow the sysiems designer to jump directly from a software float-

Amnon Aliphas DSP Associates
Joel A. Feldman Kurzweil Applied Intelligence

COMPUTERS

N\
spread use Each occupied a cabinet full of circuitry ——’-61—-’

ing-point simulation of the system into a DSP im-
plementation. In this manner the ofien time-con-
suming and difficult step of conversion to fixed-
point arithmetic is bypassed. Floating-point capabil-
ities open up a host of new applications, mostly in
infinite-impulse response filters, where even fixed-
point processing, combined with judicious scaling,
cannot attain the required precision.

A key element on a typical DSP circuit [Fig. 1]
is a fast array multiplier and accumaulator that allows
a multiply-accumulate operation 10 be executed in a single clock
cycle, as opposed to about 25 clock cycles in a typical micropro-
cessor. The chips also typically carry small, but very fast, caches
and memories to accommodate program and data pipelines.

In some applications, speed is less important tnan the accuracy
in representing data and coefficients that characterize a digital
filter. With recursive, or infinite-impulse response, digital filters,
for example—filters ip which the outputs are fed back into the
computation of the next outputs—round-off or truncation er-
rors can build up and hurt the performance of the system with
the DSP filter. Sometimes the degradation introduced by fixed-
point arithmetic can be reduced with block floating-point tech-
niques, which extend the dynamic range of the fixed-point repre-
sentation by normalizing the data at appropriate stages in the
algorithm. The resulting exponent or shift-factor is saved and
restored at a later point.

Defining terms

Arithmetic-and-logic unit: hardware that performs data opera-
tions such as addition, subtraction, and logical anD and os.
Barrel shifter: hardware that aliows arbitrary shifting of data.
Bit reversal: an addressing technique in which the order of
bits in an address is reversed during a computation (such as
a fast Fourier transform).

Benchmaric a specification that tells how well a product does
a specified task; ideally, a benchmark simplifies a comparnson
of competing products by presenting a single piece of data !
that telis which product is better for a given application.
Cache: a small, fast memory positioned between a large:.
slower Mmemory and a processor; the cache's control maintains
biocks of data adjacent 1o recently accessed data or instruc-
tions from the larger memory, theraby making sccess faster
than with the larger memory alone.
Muitiplisr-accumulator: hardware dedicated to multiplying
numbers and adding the results; the very fast units are typical.
ly able to multiply two numbers and add the product to
previously accumulated results in a singie clock period.
Pipelining: starting the execution of a new task before a
preceding one has been complested.

Round-off and truncstion nolse: in digital signai processing.
noise introduced when the word length of the computation
exceeds that of the DSP chip and the extra bits are discarced.
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{1] The features that most strongly distinguish this generic digital
signal processing circuil from a general-purpose microprocessor
are its multiplier~accumulator and multiple buses and memories.

Aliphas and Feldman—The versatility of digital ugnal processing chups
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Muttiplier an¢
accumuiator

To-trom
LYY
penpnera's

The multiplier-accumulator can per;form a complete multiplico-
tion and addition in a single clock cycle, with the other circuirry
making sure that it does not waste time waiting for operands .
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The DSP chips that most efficiently implement block floating-
point techniques have barrel shifters and circuits that detect the
prasence of exponents. Saturation arithmetic hardware is another
way to get around the limitations of fixed-point arithmetic. The
hardware automatically clamps a pumber that would otherwise
overflow. While this technique adds an undesirable nonlinearity
to the processing, it is necessary when the dynamic range of the
signals is not well controlied.

Checking architectural features

Of the various architectural features that distinguish DSP chips,
ooe of the most important is the multiplier-accumulator. More
thap any other element, it distinguishes the DSP circuit from the
geoeral-purpose microprocessor.

A typical fixed-point multiplier-accumulator performs a

J6-by-16-bit multiplication, and the 32-bit product is added to
& 32-bit accumulator register in a single instruction cycle An alter-
native design uses separate elements for multiplication and ad-
dition, as in the xpd7720A and xpd 77230 digital signal processors,
made by NEC Electronics Inc, in Mountain View, Calif. This
approach aliows the system designer o fine-tune the processor
for a specific application by controlling the software pipelining
of the multiplication and addition operations. In this way a mul-
tiplication step in one computation and an addition step in
another can be done at the same time. Of course, this also com-
plicates the programming. In either architecture—a single mul-
tiplier-accumulator or separate elements—a DSP chip can per-
form an entire multiply-accumulate operation in a single clock
cycle.

The pumbers are impressive. A 16-by-16-bit multiplication on
the WEDSPI6, made by ATAT Bell Laboratories, Murray Hill,
N.J., requires just 60 nanoseconds, or a single clock cycle. By con-
trast, serially executed multiplication by the MC68020 general-
purpose microprocessor, made by Motorola Inc., Phoenix, Ariz.,
takes 1500 ns, or 25 clock cycles of this particular microprocessor.

Multiple buses and memories also affect throughput. A typical
digital signal processor has two data memories and two data buses.
With them it can deliver two operands required for a single-cycle
execution of the multiply-accumulate function. Unlike general-
purpose microprocessors, which store both instructions and data
in the same memory, most DSP processors employ the so-called
Harvard architecture, with separate program and data memories
s0 that instruction and data can be fetched simultaneously. Many
DSP chips go a step further, employing a modified Harvard archi-
tecture to allow storage of data in the program memory. In this
way, static data like filter coefficients can be stored in the cheaper,
slower program memory and then be moved to the faster but
smalier data memory when needed.

There are a variety of ways 10 enhance the system’s throughput
by increasing the rate of data access (memory bandwidth). This
is usually accomplished through multiple memories and corre-
sponding buses. Several DSP chips have dual internal data memo-
Ties, as well as access 10 an external data memory. Typically, the
internal memories contain 128 to 512 16-bit words—adequate for
many DSP tasks. Other DSP circuits have mechanisms for fetch-
ing instructions from an internal program RAM, thereby freeing
an external bus for an additional data access. In the ADSP2100
from Analog Devices Inc., Norwood, Mass., for example, this is
achieved with a 16-word program cache that allows two external
data accesses in a single cycle.

Another DSP chip, the TMS320C2S from Texas Instruments
Inc in Houston, has a repeat facility, by which a single instruc-
ﬁoncanberepazedupeciﬁednmnbaofﬁmswithonlyuinﬂe
fetch from the external program memory. Again, when code is
running internally, an external bus that is otherwise dedicated
to accessing external code is free to access data. The design of
the developmental TMS320C30 from Texas Instruments calls for
4 64-word program cache. It also includes a direct memory ac-
cess arrangement on the integrated circuit, which transfers blocks
of data from an external memory into the DSP chip’s memory

Q

in paralle] with the operation of the DSP chip's arithmetic-and-
logic unit.

For many of these architectural features, the disadvantage is
that the DSP programmer, unlike the programmer of a general-
Ppurpose microprocessor, must give careful attention to the size
and location of the data arrays and code loops.

Another approach to boosting throughput draws on externa!
program and data memories that are fast enough to supply in-
structions and operands in a single cycle. However, this requires
static RAMs with a minimum capacity of 16 384 10 65 536 bits
and minimum cycle time of 25 to 70 ns. By way of comparison,
seneral-purpose microprocessors typically use dynamic RAM:
with capacities of 262 144 bits to | megabit and externa! program
and data memory cycle times of 250 to 300 ns. While the 10-mega-
bertz 68000 microprocessor from Motorola requires eight to 14
cycles (800 to 1400 ns) to access its memory, most DSP chips can
access external memories within their cycle time—typically 100
10 200 ns. The tradeoff is that these fast static RAMs are six to
nine times costlier than dynamic RAMs on a bit-for-bit basis.

Some DSP applications like image processing require data
memories that can handle more than 64 000 words of address
space. At least one DSP circuit under development—the
TMS320C30 of Texas Instruments—is expected 10 store and ac-
cess up to 16 million 32-bit words and program words.

Most state-of-the-art DSP chips provide an acknowledge signal
after addressing. The processor waits for this signal before pro-
ceeding. By taking advantage of this, the system designer can trade
off system performance and cost by using slower, less expensive
memories. For instance, to run at full speed, the TMS320C25 re-
quires fast, 25-ns static RAMs. If instead a wait state is inserted,
slower, 70-ns swatic RAMs can be used, thereby reducing the
memory cost by as much as 50 percent. In some cases, the use
of internal program cache and data memories can compensate
for the Joss of performance due to these slow external memories.
Also, the acknowledge line permits memories and peripherals with
different access times 10 be mixed within the same address space.

A DSP chip architecture is also typified by separate arithmetic-
and-logic units for data arithmetic and for address arithmetic.
Since many of the instructions executed in DSP algorithms employ
the data arithmetic-and-logic unit, the throughput rises substan-
tially when a second unit is added to perform address calcula-
tions. When the address and data calculations are spl:: between
arithmetic-and-logic units, each unit’s architecture can be opti-
mized for the task at hand. For example, arithmetic-and-logic
units for data contain multiply-accumulate structures and features
such as saturation arithmetic and rounding, while the architec-
ture of address arithmetic-and-logic units is tailored for such tasks
as indexing and automatic address modification, as well as
modulo arithmetic, which allows the address generator to
automatically recognize the beginning and end of a data block
within memory. Address arithmetic-and-logic units sometimes
perform bit-reversal, which is used by the fast Fourier transform
algorithm.

Development of a DSP algorithm generally starts with a
floating-point simulation of satisfaciory performance Then a
fixed-point implementation is sought—one that is efficient and
has no ill effects on the algorithm’s performance. This step is
usually time-consuming and difficult.

For this reason, many sysiems designers welcome the ap-
pearance of general-purpose DSP chips that can perform full
floating-point calculations. Among them are the 24-bit MSM
6992, made by Oki Electric Industry Co., Tokyo; the 32-bit
#pd77230, from NEC Electronics; and the 32-bit WEDSP32 from
AT&T Bell Laboratories. The latest member of the Texas In-
struments TMS320 DSP family—the TMS320C30—is also based
on a 32-bit floating-point format.

Although these processors require large die sizes and high tran.
sistor counts, they achieve instruction cycle times as fast as some
of their fixed-point counterparts. Most also have fixed-point
arithmetic-and-logic units that are especially useful for address
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calculation in paralle! with floating-point data calculations. No  purpose microcontrollers, such high-volume DSP chips reduce

standard floating-point format is used by these processors;
however, most have instructions for format conversion to and from
the IEEE 32-bit standard.

Architectural variations appear in DSP circuits that are targeted
for high-volume, low-cost applications such as speech synthesis
in consumer products. For instance, many DSP circuits are
available in versions that have an internal program and data ROM
in place of an exiernal RAM. The advantages are a Jower pin count
and more economical packaging. Conceptually similar to general-

Abphas and Feldman—The versaility of digita) signal procussing chips

the system cost by achieving higher levels of functional integra-
tion. Toward this end, they generally include special interfaces
1o serial devices, like analog-to-digital converters, as well as such
special-function units as timers.

Single- and multiprocessor operation

DSP circuits can be integrated into a system in three major con-
figurations: stand-alone, slave, and multiprocessor. The most
economical configuration is usually the stand-alone, found most
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often in high-volume, low-cost applications [Fig. 2A). Since the
DSP chip does indeed stand alone in this case, a fairly sophisti-
cated, programmable unit is required.

In the slave configuration, the DSP chip acts as a periphera!
to & general-purpose microprocessor [Fig. 2B). In this case the
more time-consuming and repetitive processing is left to the DSP
chip, while the control and communications tasks are taken care
of by the general-purpose processor. This architecture is par-
ticularly well-suited for application-specific DSP circuits. Typical
applications include speech recognition and multichannel pro-
cessing.

The highest DSP performance is achieved in the multiprocess-
ing configuration. Such an arrangement would be appropriate
for a phased-array radar system, in which the tasks are distributed
among multiple processors.

For general-purpose DSP chips, multiprocessing is usually han-
died by at least two processors that send and receive control in-
formation over communication links [Fig. 2C). The processors
also share data from a single memory by means of access arbitra-
tion logic.

In a typical multiprocessing configuration of application-
specific DSP chips, several dozen processors in one- or two-
dimensional arrays [Fig. 2D) perform very repetitive tasks, like
filtering, convolution, and correlation.

Beware the benchmarks

In comparing the benchmark performance figures supplied by
various DSP manufacturers, particular care is advisable Key ques-
tions must be answered before making such a comparison. For
example, how well did the programmers in the differen: companies
optimize the benchmark code? Does the systemn design call for
an on- or off-chip memory? A product offered by Company A
may output the fast Fourier transform data in bit-reversed order,
while Company B’s chip may not. A timing comparison between
the two would therefore be meaningless.

The engineer who will use the chips should examine the bench-
mark software in detail. The extra effort up froni may well pre-
vent some nasty surprises later.

A benchmark describes the performance of a chip under very
specific conditions, and if there is even a slight shift in those con-
ditions, the performance may change drastically. For example,
if a chip has a 128-word interna)l data memory, it may turn in an
impressive performance when benchmarked with a 64-complex
point fast Fourier transform. A J28-complex point transform.
however, would require that external memory be addressed, and
performance may suffer. .

In choosing a DSP chip, the availability of engineering sup-
port is a critical factor for engineers whose primary expertise is
not digital signal processing. If the engineer who uses the DSP

{2] DSP chips are empioyed in three main configura-
tions® stand-alone, slave, and multiprocessor. The
stand-alone configuration [A], which uses primari.
{y the serial ports of the DSP chip is typically found
in low-cost applications, such as speech synihesis for
consumer products. In the slave configuration, the
DSP chip operates under the conirol of a “host”
general-purpose microprocessor [B]. The siave setup
is typical in applications that require a Jair amoun:
of support processing—speech recognition, for in-
stance. For the highest level of performance, as in
high-throughput filtering, convolution, and correla-
tion, DSP chips are configured as multiprocessors.
For example, a small number of DSP chips may

communicate contro! information over high-speed AO ",’1
serial links {C}], to minimize the circuit’s pin count. D
The multiprocessing approach may also involve P

dozens of processors set up in an array [D).
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chip lacks such expertise, the chip manufacturer should be able
1o deliver it. Some manufacturers publish application notes along
with DSP routine libraries for specific applications such as fast
Fourier transforms and finite-duration impulse response filters.

In parrowing down the choices, the typical engineer should also
ask what development 100ls the chip maker offers. As with
engineering support, development tools are often overlooked,
while technical performance and price are mistakenly given the
bon's share of attention. Development tools can play a major role
inspeedin;nproductwmkﬂbyndudngmedsipﬁme.
simplifying the debugging process, and helping to train the
engineer who is unfamiliar with DSP chips.

On the hardware side, such 1ools include development boards.
By working with's fully functional development board, the
mﬁneaunnmimtbeDSPchipinopaiﬁon.hmnbomﬁm-
ing, and observe the processor’s interaction with the board’s
peripberal circuitry.

Al the point of bardware-software integration, the availabili-
ty of in-circuit emulation is just as important for DSP chip debug-
ging as it is for general-purpose microprocessors. Most DSP
manufacturers offer in-circuit emulation systems at prices rang-
ing from $5000 10 $15 000. Hardware development support for
some of the more established DSP circuits like the Texas In-
struments TMS32010 is also svailable from third-party sources
such as Hewlett-Packard Co. in Corvalis, Ore and Tektronix Inc
in Beaverton, Ore.

- Sofiware development tools include assemblers for coding
algorithms, and simulators for checking that the algorithms work
correctly before they are committed to the target system. High-
Jevel language compilers are becoming available for some DSP
chips. C-compilers are available from third-party vendors for the
Texas Instruments TMS32010 and the TMS32020 and the Analog
Devices ADSP-2100, and Texas Instruments is also developing
a C-compiler for its upcoming TMS320C30. Assemblers deal with
device-specific instruction sets; developing code with high-level
compilers, however, paves the way for transportable DSP chip
application software. The use of high-level languages for por-
tions of code that are not time=critical can shorten the develop-
ment time, enhance the software reliability, and simplify the

debugging process.

The pickings may be lean

The selection of a DSP circuit may be complicated in that the
product is available from only a single manufacturer. Very few
secondary manufacturers are making DSP chips under license
from major semiconductor manufacturers, and so far the US.
Department of Defense has certified only a limited number of
devices under military specifications.

Relecommaunications will continue to be the dominant applica-
tions area, given the widening acceptance of the Integrated Ser-
vices Digital Network (ISDN). In other areas, computer-aided
design and engineering, pumeric processing, speeck and image
processing, instrumentation, and digital audio and television will
also contribute 1o the increased use of DSP chips.

Certain architectural features of DSP circuits are likely to
change. While todsy’s DSP chips typically address 64 000 words
of external data or program memory, this capacity is bound to
expand 1o meet demands in areas such as image processing. The
combination of faster cycle times and larger external memories
Jeads 10 the requirement of external memory with a higher band-
width in next-generation DSP-based systems. Ib & pew genera-
u'ononﬂOdemmicRAMs.nmﬁccolummodeofopalﬁan
allows access 1o data within a $12-word block at the speed of the
more expensive static RAMs—at only one-sixth the price.

Floating-point capability in DSP chips will bypass the often

difficult step of converting floating-point simulations to fixed-
point implementations, making way for algorithms that were once
practical only in research and development or in areas where
relatively high costs could be tolerated.

As DSP circuits become more powerful, applications will

become more complex, demanding higher-level languages. Higher
Jevels of integration are likely 1o result in the availability of earlier
DSP chips as “standard cells” for semicustom I1C design. High-
volume users will then be able to reduce systems costs further
by developing & semicustom IC that is based on a “core”” DSP
chip, with digital and analog functions of their own choosing.
Meanwhile, advances in general-purpose microprocessors—faster
multiplication, for eample—will spur & migration of these units
into the DSP area.

To probe further

Articles on digital signa) processors from Texas Instruments
(TMS320C25), Motorola (DSP56000), Analog Devices
(ADSP-2100) and NEC (xpd77230) can be found in the December
1986 digital signal processing issue of IEEE Micro maganine.
Other recommended articles are: “Computer Architecture for
Digita! Signal Processing,” by J. Alien, Proceedings of the IEEE,
Vol. 73, No. §, pp. 852-873, and “New Applications of Digital
Signal Processing in Communications,” by M. Bellanger, JEEE
ASSP Magazine, July 1986, pp. 6-11.

A g0od reference is the book Signa! Processor Chips, by David
Quarmby, Prentice-Hall, Englewood Qiffs, N.J., 1984.

Additional information may be found in notes from seminars
entitled “Digita! Signa! Processors,” available from DSP
Associates, 18 Peregrine Rd., Newton, Mass. 02159.

Applications of digital signal processors along with tutorial
informatiop are the subject of applications notes available from
most manufacturers.

Representation of numbers in 32-bit arithmetic is addressed
in ANS1/LEEE Standard 754, 1985, entitied “IEEE standard for
binary floating-point arithmetic.”

Echo canceling with a digital signal processing chip is addressed
in the article “Digital voice echo canceller with a TMS32020,"
by David G. Messerschmiti, David Hedberg, Christopher Cole,
Amine Hanoui, and Peter Winship, pp. 415-57 of the book Digital
Signal Processing Applications with the TMS320 Family,
available from Texas Instruments Inc in Houston, Texas.

Adaptive filtering is discussed in Adaprive Filters by M.L.
Honig and D.G. Messerschmitt, Kluwer Academic Publishers,
Boston, Mass., 1984,

Adaptive digital signal processing is addressed in Adaptive
Signal Processing, by Bernard Widrow and Samuel D. Stearns,
Prentice Hall, Englewood Cliffs, N.J., 1985.

Echo canceling techniques are addressed in the paper “An adap-
tive echo canceller,” by M. Sondhi, Bel! Systems Technical Jour-
nal, Vol. 46, March 1967, pp. 497-511.
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